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e SILICON DIFFUSED 
e HERMETICALLY-SEALED 
e ALL-GLASS PACKAGE 


INTRODUCING THE FIRST SERIES IN A 
COMPLETE LINE OF MICRO-TRANSISTORS 


Development of the MICRO-T — first silicon 
diffused mesa micro-transistor in an hermetically 
sealed all-glass package — represents a major step 
forward in microminiaturization. As compared with 
conventional “metal can” configurations, the 
MICRO-T’s hard glass packaging embodies a signifi- 
cant improvement in the hermetic seal between leads 
and package. Reliability is substantially increased; 
possibility of leakage is sharply reduced. 

This new series of 45-volt micro-transistors is the 
first designed for small-signal low-level applications, 
with current operating range from 50 microamps to 
20 milliamps. Other electrical characteristics include 
an Res of 100 to 200 ohms; minimum Betas from 20 
to 80; cut-off frequencies of over 50 megacycles. 
Perfectly compatible with present circuitry, MICRO-T’s 
will facilitate microminiaturizing in such critical 
areas as airborne, space vehicle and missile applica- 
tion. They are 1/20th the size of the TO-5, and 
1/5th that of the TO-18. 

The first five types of MICRO-T’s are available now. 
For full information, write for Bulletins No. PB-78, 
(Amplifier types) and PB-79, (Switching types). 


THE U.S.A. AND EUROPE « CABLE ADDRESS: TRELC 
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NEW DEPARTURE PRODUCT: INFORMATION 


A BRITE NEW IDEA BY NEW DEPARTURE 
BRITE-GARD SUPER FINISHING FOR SUPER PRECISION BALL BEARINGS 


There's a big difference in New Departure Ball 
Bearings .. . a difference you can see at.a glance. 
It's new super-polished Brite-Gard finish... available 
only from New Departure! 


Brite-Gard is another shining example of New Depar- 
ture’s policy of passing on to its customers significant 
bearing developments. Brite-Gard treated bearings... 
with smoother surfaces and corners...are less suscep- 
tible to the adherence of dirt. They are more resistant 
to corrosion from handling, too. Furthermore, 
Brite-Gard gives you bearings of optimum appearance. 


Brite-Gard is now available on all N/D super precision ' 
grade ball bearings—at no extra cost. 


Moreover, New Departure offers other customer 
services. Why not invite the local New Departure 
Sales Engineer to participate in your next early design 
discussion? He is a fully qualified graduate engineer, 
backed by more than 50 years of ball bearing engi- 
neering and manufacturing experience. His design 
recommendations may save you time and money. 
Or write New Departure, Div. of General a 


Motors Corporation, Bristol, Connecticut. AD 


NE VW DOLE PCARTURE 


BALL BEARINGS - 


PROVED RELIABILITY YOU CAN BUILD AROUND 
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Many manufacturers of electrical equipment are cutting costly assembly 
time by using INMANCO completely: fabricated electrical insulation 
and INMANCO parts slip into place easily because specialized fabri- 
ting experience insures.accurately fabricated insulators. This is made 
Sceatile by INMANCO’s modern, high-speed equipment designed to shear, 
saw, slit, die-cut, crease, mill, form, or cuff exactly as you specify. 
Selecting the exact properties and materials required for your application 
is so easy with INMANCO fabricated parts. That is because these parts 
can be made from a variety of different types and grades of papers, plastic 
films, varnished or coated fabrics, wood, fibre, and laminated plastics—to 
name a few—each with unique characteristics. You can choose extreme 
heat resistance, top dielectric strength, maximum flexibility, toughness, or 
other protective features your insulation must provide. 
Contact your nearest IMC office or representative for more information on 
fully fabricated electrical insulation parts that save time and cut cost. 


INSULATION MANUFACTURERS CORPORATION 


565 West Washington Boulevard, Chicago 6, Illinois 
Branch Offices, Representatives, and Distributors in Principal Cities 
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New “Taylorite’’® is a 
veritable workhorse 


Improved Vulcanized Fibre... 
superior insulation, 
excellent forming characteristics 


Dramatic highlighting of displays at the Philadelphia Commercial 
Museum is accomplished quickly and inexpensively with BullDog 
Universal Lighting Duct. Fixtures can be added, moved and relocated 
anywhere along the duct run in a matter of minutes. Contributing to 
the effectiveness and safety of this modern lighting system is the formed 
Taylorite vulcanized fibre part used to insulate the conductors from the 
end caps. Taylorite was selected because it provides superior insulation, 
has excellent forming characteristics, provides good dimensional sta- 
bility. Taylorite is ideal for the fabrication of many mechanical com- 
ponents, too. Its high impact resistance, flexibility, formability, 
toughness and capacity to be deep drawn make it adaptable to 1001 
industrial applications. 

Samples are available. Test them for yourself. Put them under ten- 
sion, flex them, compress them, form them. You will find that new 
Taylorite will pass your severest tests with flying colors. And remember, 
Taylor offers complete design and engineering assistance. 


Write for Data Sheet 2-0 and samples. Taylor Fibre Co., Norristown 37, Pa. 


Background photo courtesy Philadelphia Commercial Museum. Lighting 
Duct courtesy BullDog Electric Products Division, i-T-E Circuit Breaker Co. 
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PRECISION STEELMAKING CONTROL 


poviors UNIFORMIT 


IN ELECTRICAL SHEETS 


Every sheet you buy from Acme-Newport gets top precision 
treatment through every steelmaking process. Combination of 
the scientific formulas of metallurgists with the efficiency of 
modern facilities and skill of their operators, explains this 76- 
year-old basic steel producer’s successful specialization in elec- 
trical sheets. Always true to specification, Acme-Newport finished 
silicon steels are of known core loss properties, gage structure, 
permeability and punching qualities. Equipment makers thus 
can utilize minimum cost grades that meet peak requirements 
in any application. Let our metallurgists tell you more! 
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Computing Machines 
Components, Electrical /Electronic 


Your Classification: 
Microcircuit Assemblies 


* Superconductive Circuits for 
Computing Machines 


Gain and time constants of wire-wound and film-type cryotrons 
ire compared. Cross-film types function as logic circuit ele- 
ments. Because the cost and bulk of deposited crossed-film 
cryotrons is considerably below that of transistors and they 
dissipate only about 1/1000 that of transistor energy, their 
use in extremely compact digital computer systems of high 
speed is foreseen. 


V. L. Newhouse, General Electric Research Laboratory, 
Pelt henectady, Ma a 
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Science & Engineering 


Your Classification: 
Physics 


* Quantum Electronics 


Quantum theory as related to solid-state physics is explained 
for the benefit of the practicing electrical design engineer, 
starting with Planck’s radiation theory, Bohr’s concept of the 
atom, and de Broglie’s hypothesis of wave-particle duality, 
the heart of quantum mechanics. The wave equation is re- 
lated to the Schrédinger equation. Other aspects considered 
include observables and operators, eigen functions and eigen 
values, the indeterminacy principle. 


G. C. Dacey, Bell Telephone Laboratories, Murray Hill, N. J. 
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Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 

Components, Electrical /Electronic 
Embedded Circuits 


Your Classification: 


Thermally Conductive Cast-Resin 
Compounds for Heat Dissipation 


Cast-resin embedments for electronic packaging can provide 
satisfactory heat dissipation by utilizing resin compounds of 
sufficiently high thermal conductivity. This article describes 
the effect of various compound fillers that improve conduc- 
tivity and discusses the nature and significance of filler 
properties and characteristics. Thermal conductivity data are 
applied to specific design problems. 


C. A. Harper, Westinghouse Electric Corp. Air Arm Di- 
vision, Baltimore, Md. 
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Components, Electrical /Electronic Your Classification: 


Microwave Components 


Microwave Filters 


The present state-of-the-art of microwave filter design is ex- 
amined. The various techniques available for designing filters 
are described and their advantages and limitations are con- 
sidered. Examples are included. 


E. N. Torgow, Dorne and Margolin, Inc., Westbury, N. Y. 
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Components, Mechanical /Structural Your Classification: 
Springs 


* Spring Design for Electronic 


Equipment 


Typical eempression, extension, torsion and flat springs are 
considered, with examples worked out by established equa- 
tions and tabular data on materials properties. Conservative 
stress values are used in line with military reliability norms. 


J. P. Davis, ITT Laboratories, Nutley, N. J. 
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Components, Electrical /Electronic Your Classification: 


Computer Components 


The Weighted Resistor Decoder: 
An Error Analysis 


The relation between accuracy of conversion and resistor 
tolerance is analytically determined for a binary-weighted 
resistor network used as a digital-to-analog converter (decoder). 


N. Aron and R. A. Goundry, Radio Corp. of America, Bur- 
lington, Mass. 


Electro-Technology 1961 April p 154 214 pp 


ELECTRO-TECHNOLOGY 





© Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


%*% Reprints available—see pages 178 and 182 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Components, Electrical /Electronic Your Classification: 


Semiconductor Devices 


A Procedure for the Design of 
Transistor Bias Networks 


By using a few simple equations and two easily obtained 
graphs, the values of biasing resistors which will provide 
suitable temperature stability of the operating point are readily 
calculated. Methods used in arriving at the equations for the 
networks discussed can be used for other bias schemes as well. 


G. E. Platzer, Jr., Chrysler Corp., Detroit, Mich. 
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Heat Flow Your Classification: 


Extended Surfaces for Heat Transfer: 
3—Longitudinal Fins of 


Non-Rectangular Profile 


The analysis of the longitudinal fin of rectangular profile pre- 
sented in Part 1 of this series was fundamental because of 
constant cross-sectional areas. The study of the rectangular 
fin is now continued for the more complex considerations in- 
volved in non-rectangular shapes, illustrated by triangular, 
trapezoidal and parabolic profiles. 


A. D. Kraus, Sperry Gyroscope Co., Great Neck, L. L, N. Y. 


Electro-Technology 1961 April p 129 9 pp 


RESEARCH HORIZONS this month .. . 


Tunnel diodes at microwave frequencies . . . new transistor 
applications . . . “practical” microelectronics faces a second— 
and hard—look. Microscopy techniques for magnet wires and 
new metal-bonded graphite materials are discussed. 


Tunnel Diodes and Transistor Applications at 
Solid-State Circuits Conference 


Metal-Bonded Graphite for Electromechanical 
Applications 


Microscopy Techniques for Study of Magnet-Wire 
insulation 
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Materials, Mechanical /Structural Your Classification: 


Metals 
Production and Assembly Techniques 
Soldering and Solderless Techniques 


Solders—Their Function in Designing 
Aluminum Parts 


A study of low-cost, low-temperature ‘oining by soldering of 
aluminum structural and electrical components assemblies. 
The feasibility of the soldering process, design parameters 
and considerations, and performance of soldered joints are 
evaluated. A short description of materials and methods is 
included. The advantages and disadvantages of soldering and 
its various methods are discussed. 


G. O. Hoglund and F. R. Collins, Aleoa, New Kensington, Pa.; 
and H. E. Barkan, Associate Editor, ELtectro-TECHNOLOGY, 
New York, N. Y. 


Electro-Technology 1961 April p 101 8 pp 


Test and Measurement Your Classification: 


General 
Components 


* How to Make Basic D-C 
Measurements—2 


Of the various fundamental electrical quantities, the closest 
to an absolute is resistance. For laboratories supporting en- 
gineering which depends upon precision electrical measure- 
ment, methods are outlined for standardizing basic resistance 
devices such as Wheatstone, Kelvin and Mueller bridges, 
shunts and volt boxes. 


J: B. Kelley, Physics Research Laboratories, Inc., Hempstead, 
N. Y. 
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COMING UP... 


May issue articles have been planned to compliment the theme 
of the Sixth ASME Design Engineering Conference & Show— 
“Designing for a Competitive Market.” The Science & Engi- 
neering Series article for this issue will be on Engineering 
Psychology and Human Factors in Design. Other articles: 
Basic Concepts of Reliability, Use of Boolean Algebra 
in Design, Value-Engineering Concepts, Designing In- 
ductive Components on a Digital Computer, Derating 
of Components, Analog Simulation of Control Systems, 
Cost Roadblocks in the Application of Microcircuits, 
Economy of Design Performance of Materials, Environ- 
mental Test Procedures, Semiconduction in Polymers, 
and Part 4 in the current series on Extended Surfaces for 
Heat Transfer—Optimal Shapes for Longitudinal Fins 
and Radial Fins of Hyperbolic Profile. 
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Belden Cords lead to the leading appliances 
.-and electrical equipment 


Expensive mold costs can usually be saved by adapting a Belden 

standard to your cord design. The Belden cord line is complete. It Belden 
includes hundreds of standard plugs, connectors, and strain reliefs Sete aR ean 
that can be molded in rubber, vinyl, or neoprene. Patented Belden an a 


Grip Prong Plugs are an added plus feature. Here’s how they work— ee ee ene 
electrical and electronic 


GRIP PRONGS* expand .. grip sides of the slot } ' , ? 
You get positive electrical contact. .even in worn outlets magnet wire : ead wire + electronic 
There's no strain .. no damage to electrical outlets wire » control cables 

*Belden Grip Prongs — U.S. Patents: 2,439,767; 2,671,205 


Canadian Patents: 438,585; 506,946 17-1-1 
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RESEARCH Horizons 


Edited by Atex. E. Javirz, Special Features Editor 


Tunnel Diode and Transistor Applications at 
Solid-State Circuits Conference 


In the course of a year, tunnel diodes 
have developed from unknown oddi- 
ties to extremely useful devices in 
many applications. New versions of 
transistors also are being developed 


for varied uses. 


Tue International Solid-State Circuits 
Conference of 1960 was dominated, to 
an extent, by the (then) recent appear- 
ance of the tunnel diode. No such ex- 
citement was evident at this year’s Con- 
ference (held in Philadelphia, February 
15-17), but there was much discus- 
sion of the tunnel diode’s actual use 
in various types of circuits and con- 
siderable interest was shown in micro- 
electronic developments (or lack of 
them) and in recently anounced work 
with optical masers. 


e In particular, the use of the tunnel 
diode at microwave frequencies was 
stressed. Four papers at one session 
were on this subject. H. Fukui of the 
Sony Corp. of Japan discussed the 
characteristics of the diode at micro- 
wave frequencies and defined a figure 
of merit for use in that range. The 
figure, which limits the response time 
of the diode, is the ratio of C,, the 
barrier capacitance, to g;, the tunnel 
conductance. R. Trambarulo, Bell Tele- 
phone Laboratories, described the use 
of tunnel diodes in X-band transmission 
circuits. He showed an experimental 
conical transmission line cavity in 
which the diode is an essential part of 
the line. The circuit will operate either 
as an oscillator or an amplifier and 
either gallium-arsenide or germanium 
diodes may be used. 

The tunnel diode as a parametric 
oscillator or amplifier was described 
by T. Yamamoto and A. Koshimoto of 
the Japanese Defense Agency. They 
said that the tunnel-diode parametron, 
because of its flat oscillation charac- 
teristics and its high value of modula- 
tion factor in the parameter term, is 
a promising element for microwave 
computing devices. C. S. Kim and J. B. 
Hopkins, General Electric Electronics 
Laboratories, also described tunnel- 
diode applications in microwave trans- 
mission lines. 
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@ Microelectronics was the principal 
subject of debate at two informal eve- 
ning discussion groups. The first of 
these sessions was entitled “Micro- 
Power Circuit Operation,” but the dis- 
cussion centered primarily on the vari- 
ous problems involved with the packag- 
ing of such units. It was generally con- 
ceded that the use of micro-energy de- 
vices for the sake of merely saving 
power was not practical. The design of 
micro-energy devices is therefore for 
the purpose of reducing size. This dis- 
cussion thus formed a prelude to the 
second discussion, which was called “A 
Second Look at Microelectronics.” This 
second look consisted primarily of a 
reappraisal of techniques and devices 
which were developed from three or 
four months to a year or more ago, 
and the reappraisal was from the stand- 
point of feasibility and economic prac- 
ticality. 

Most of the leading companies in 
the field do not appear to be announc- 
ing any new developments in micro- 
electronics, but are rather attempting 
to improve their designs to adapt them 
to fabrication techniques which will 
make them easier and cheaper to manu- 
facture. It would seem that the race to 
get things smaller and smaller has been 
somewhat slowed by the practical con- 
siderations of heat dissipation and in- 
terconnection problems and that lower 
cost is now the goal. At the same time, 
the age-old problem of communication 
between device designer and system de- 
signer still appears to be slowing down 
any widespread use of many microelec- 
tronic components. System designers 
still feel that there are not enough dif- 
ferent microelectronic components or 
that they are not sufficiently flexible to 
be used in a complete system of any 
size. Device designers, however, feel 
that many components could be used 
if the systems were properly redesigned 
to accommodate them. 

In a formal session on new technolo- 
gies, G. Moellenstedt of the University 
of Tubingen, West Germany, reported 
on microminiaturization developments 
in that country. One of these is the 
preparation of micro-resistances of 
copper by the use of an ion beam. The 
narrow ion beam produces a_ hydro- 
carbon polymuride strip on a copper 


film. Extremely precise patterns can 
be achieved by moving the beam over 
the surface of the film. The copper film 
is then exposed to chlorine gas so that 
all of the copper not protected by the 
polymuride is converted to copper 
chloride, which can be dissolved in 
water. Resistances 1 micron wide, 1 
millimeter long and 1000 A thick with 
a resistance of 300,000 ohms have been 
prepared in this manner. 


e Several new circuit applications of 
various types of transistors were de- 
scribed at the Conference. These in- 
cluded a means of analyzing transistor 
operation in super-saturated switches, 
described by J. F. Gibbons of Stanford 
University. A new d-c differential trans- 
istor applifier was presented by D. F. 
Hilbiber of Fairchild Semiconductor 
Corp. He stated that the stable ampli- 
fication of low-level signals has not been 
successfully accomplished by all-trans- 
istor d-c differential amplifiers due to 
drifts in gain and operating point dur- 
ing aging and to temperature variations. 
He then pointed out how both of these 
characteristics can be improved by 
using double-diffused planar silicon 
transistors having passivated surfaces 
and a compound circuit. 

The electrical properties and possible 
circuit advantages of mesa-type n-p-i-n, 
epitaxially grown transistors were de- 
scribed by W. B. Cagle, et al, of Bell 
Telephone Laboratories. Such transist- 
ors are constructed by conventional 
techniques of oxide masking and dif- 
fusion into a high-resistivity layer which 
has been epitaxially grown by vapor 
deposition on a low-resistivity substrate. 
The addition of the epitaxial layer re- 
sults in an increased collector break- 
down voltage and lower collector ca- 
pacitance, at the same time allowing 
low saturated V,, drops and low stor- 
age in the collector region. 


e Currently under development at 
Fairchild Semiconductor Corp. are ultra- 
high frequency, silicon planar transist- 
ors which are suitable for use in very- 
low-current logic circuits. Described by 
D. F. Allison, et al, these devices have an 
fmar greater than 1000 me and an fp 
of approximately 800 mc. A NAND logic 
circuit using one of these transistors 
in conjunction with backward diodes 
is shown in Fig. 1. This type of circuit, 
using backward diodes, offers advant- 
ages over conventional diode logic since 
there is no necessity for the voltage- 
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translating or compensating devices 
usually used in series with the base to 
compensate for the higher voltage drop 
of the conventional diode. The circuit, 
nearly as simple as conventional direct- 


Fig. 1 


Fig. 2— Hydraulic binary counter circuit 


Backward diode-transistor NAND logic 
circuit. The arrows point in the easy current 
flow (low voltage or tunnelling) direction. 


coupled transistor logic, is capable of 
higher fan-out at a given current level. 

e As a sort of side light to the solid- 
state circuits discussions, H. H. Glaettli, 
IBM, described the ase of the hydraulic 
valve as a logic element. Information 
in hydraulic circuits may be represented 
by pressure; that is, high pressure is 
“1” or “true” and low pressure is “0” 
or “false.” Due to the fact that no other 
elements but valves, channels and pos- 


sibly condensers (pressure “vessels” ) 
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adapted for molding techniques. 


Research Note 


Metal-Bonded Graphite for Electromechanical 


IN THE AREA of bearing applications, efforts 
have been made to utilize the low-friction 
property of graphite and the more desirable 
mechanical properties of metals in a com- 
posite metal-graphite system. Thouzh 
graphite is used in a wide variety of anti- 
friction, electrical, and refractory applica- 
tions, it suffers as an engineering material 
from two deficiencies: namely, 
brittleness and low strength. In some cases, 
the anisotropic mechanical and physical 
properties of molded graphite are also an 
undesirable feature. 

This paper discusses the development of 
new metal-bonded graphite materials, con- 
taining up to 90 volume per cent graphite, 
exhibiting improved mechanical properties. 
The process used for the fabrication of 
these materials utilizes conventional powder 
metallurgy cold-forming techniques and 
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Strength, |OOO psi 


Per cent calcium - silicon 
Fg. 1—Influence of c.lcium-silicon addi- 
tions on the bend sirength of a 50-50 
graphite composition. 
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liquid-phase sintering, which heretofore 
have not been possible because of the poor 
compatibility of liquid metals with graphite. 

Although a variety of metal-graphite 
compositions have been successfully liqui4- 
phase sintered to date, including iron, 
nickel, cobalt, copper, silver, and aluminum- 
graphite, the most extensive data have been 
obtained on iron-graphite compositions 
containing calcium-silicon additions. Com- 
positions have been prepared ranging from 
90 to 40 volume per cent graphite. During 
sintering, virtually no shrinkage is obtained 
in the graphite-rich compositions, irrespec- 
tive of the sintering temperature or time. 
Consequently, the sintered density can be 
closely controlled by controlling the green 
density. The lack of shrinkage is attributed 
to the relatively coarse graphite-particle 
size and anisotropic shape which impede 
extensive rearrangement of the particles 
during sintering. 

The strength of the iron-graphite com- 
position was determined both in cross bend- 
ing and compression. Figure 1 shows the 
influence of calcium-silicon additions 
(based on weight per cent of the iron 
phase) on the bend strength of a 50 Fe-50 
graphite composition (volume per cent). 
It can be seen from Fig. 1 that an optimum 
strength is obtained at approximately 5 
per cent calcium-silicon. A more extensive 
evaluation of the bend strength of iron- 
graphite compositions containing 5 per cent 
calcium-silicon is shown in Fig. 2 as a 
function of the volume per cent of iron 
and porosity. For the graphite-rich com- 
positions, the strengths are equal to or 
superior to the best obtained on pure 
graphite materials, while for the metal- 
rich compositions, the strengths compare 


appear, hydraulic logic circuits look 
very simple. Figure 2 shows, in sche- 
matic form, two binary 
counter. The stages can be assembled 
in three-dimensional form and molded 
in a translucent resin to form a sort 
of plug-in module. 

Developments in tunneling effects in 
thin films and optical masers have been 
previously reported in this department 
(January and February 1961, respec- 
tivei ). 


stages of a 


Fig. 2—Bend strenzth of iron-graphite 
compositions containing 5 per cent cal- 
cium-silicon as a function of the volume 
per cent of iron and porosity. 


favorably with the best obtained in the 
porous metal compositions used for bearing 
applications. Although no precise elonga- 
tion measurements have been made, com- 
positions containing in excess of 40 volume 
per cent iron showed permanent deforma- 
tion during bend tests, and all composi- 
tions, including the 10 Fe-90 graphite, 
could be successfully subjected to second- 
ary coining operations. 

More extensive data on the properties of 
the iron-graphite compositions are being 
obtained. In addition, investigations are in 
progress on the evaluation of the proper- 
ties of other metal-graphite systems, in- 
cluding those containing nickel, cobalt, 
copper, silver and aluminum. 
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With regard to the potential applications 
of the metal-bonded graphites, the area 
receiving most attention at this time is 
the field of bearing materials. With the 
broad range of available, 
these materials are being considered for 
both dry and externally lubricated bearing 
environments. Figure 3 illustrates the re- 


compositions 


= 7 
§ % 


Wear rate , 10 in. / 1000 hr 

Fig. 3—Results of preliminary studies on 
the wear of graphite-rich iron composi- 
tions and commercial graphite bearing 
materials riding dry on a steel journal. 
(Journal diam, | in.; journal speed, 3500 
rpm; surface speed, 916 ft/min; load, 
32 psi; test time, 24 hr.) 
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sults of preliminary studies on the wear of 
graphite-rich iron compositions and com 
mercial graphite bearing materials riding 
dry on a steel journal under the conditions 
shown. It can be noted that the wear of 
the graphite-rich compositions is in the 
same range as the graphite materials. As- 
suming an equivalent overall bearing per- 
formance for the two materials, the advan- 
offered by the metal-graphite 
compositions are: improved mechanical 
properties; the use of high-volume, powder- 
metallurgy production techniques; and 
close dimensional control of parts by means 
of secondary sizing operations. 

Where bearing materials operate in an 
environment providing external lubrication, 
one type of application involves the use of 
oil-impregnated, porous metal bearings. 
Oil impregnation studies on the metal- 
graphite showed that the 
porosity in these materials is continuous. 
Therefore, applications utilizing self-lubri- 
cated, oil-impregnated bearings are immedi- 
ately suggested. The results of comparative 
wear rates of oil-impregnated porous bronze 
and 40 iron-60 graphite materials, evalu- 
ated as fractional-horsepower heater motor 
(automotive) bearings, is shown in Fig. 4. 
During this test the were pro- 
grammed for a 1l-hr “running,” 10-min 
“off” cycle. 


tages 


compositions 


motors 


Commercial graphite 
bearmg moterial 


10 Iron- 
90 Graphite coined 


0-90 
20-80 Coined 
20-80 


30-70 Coined 


Wear, |O°in 
Fig. 4—Comparat've wear rates of oil- 
impregneted porous bronze and 40 iron- 
60 graphite materials, evaluated as frac- 
tional horsepower heater motor bearings. 


Although the test conditions are not par- 
ticularly severe, the results do indicate a 
lower wear rate for the iron-graphite com- 
positions. 


M. HUMENIK, JR., D. W. HALL, 
R. L. VAN ALSTEN 

Forp Motor Company 
LABORATORY 

Dearborn, Michigan 


SCIENTIFIC 


Microscopy Techniques for Study of Magnet-Wire Insulation 


THE PRESENCE in magnet wire enamel of 
contaminating particles, eccentricity of 
coating, large differences in thickness of 
coatings on a multicoated wire, and im- 
proper number of coats are all factors that 
may lower the insulating property of the 
enamel. Techniques which allow magnet 
wire insulation to be examined in trans- 
mitted light provide means for detei mining 
the number of layers of enamel on the wire 
as well as an opportunity for studying the 
enamel microscopically. Two such _tech- 
niques, described here, have been em- 
ployed in studies of polyvinyl formal enam- 
el,* but could be utilized in the study of 
other wire coatings. 


* General Electric Company's Formex magnet wire. 


t “Microstructure of Polymer Coatings on Magnet 
Wire,’ G. W. Rectenwald and D. M. Trollinger, 
Motern Plastics, February 1°60 


Fig. 1— Cross section, 6-layer polyvinyl formal wire enamel, magnification 1000X. 
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4 previously reported modified metallo- 
graphic technique’ for determining the 
number and thickness of enamel coatings 
does not allow examination of the layers 
of enamel in transmitted light; no clue 
may be gained about the homogeneity of 
the enamel itself. 

e Cross Sections. The wide difference 
in hardness of copper wire and wire enamel 
makes it impossible to produce, simultane- 
ously, cross sections of both materials thin 
enough for light microscopy of the enamel. 
The copper must be removed from the 
coating. 

In the work reported here, it was possible 
to remove the copper wire from polyvinyl 
formal insulation without disturbing the 
layers of enamel. A short length of enam- 
eled wire (1 mm or shorter) was placed 
vertically in a puddle of hot paraffin on a 


‘ 


microscope slide. Care was exercised that 
no paraffin covered the top end of the wire. 
After the paraffin had hardened, the cop- 
per wire was dissol ed with dilute (1:1 
con.) nitric acid. After solution of part of 
the copper and thorough washing of the 
embedding, the space from which the wire 
had been removed was filled with hot paraf- 
fin by means of a small capillary pipette. 
This provided an embedding of the wire 
enamel which could be cross sectioned. 
Freehand cross sections were made with 
a razor blade, but it would have been pos- 
sible to make microtome cross sections of 
the embedding. 

Since there was no affinity of polyvinyl 
formal for paraffin, it was possible to physi- 
cally remove the parsfin from the enam:! 
section. The cross section of the enamel 
was mounted in a mounting oil of refrac- 
tive index N > = 1515 and the section ex- 
cmined with a phase-contrast microscope. 

Figures 1 and 2 are photomicrographs 
of cross sections of the wire enamel, pre- 
pared as described, photographed in phase 
contrast. It is an easy matter to count 
the numer of layers—6 in the coating in 
Fig. 1, and 10 in that in Fig. 2. The non- 
uniformity of coating thickness of the ten- 
pass wire, Fig. 2, may be observed. Ap- 
parently there was some particulate ma- 
terial in the coatings of the ten-pass wire. 

Because it could not be determined with 
certainty that the nitric acid had no ef- 
fect on the enamel, no attempt was made 
to make any measurements of layer thick- 
ness of cross sections obtained in this 
minner. If the wire enamel were of a 
miterial unaffected by nitric acid, or if a 
more dilute nitric acid were used, it would 
be possible to measure layer thickness by 
this technique. 

@ Longitudinal Wedge Sections. In the 
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cuality control of coated magnet wire, it 
is useful to have a quick, simple technique 
for determining the number of coats ap- 
plied to a wire. Such a technique has been 
developed in the G. E. Major Appliances 
Laboratory, Louisville, Ky. 

Longitudinal wedge sections are cut from 
the enameled wire with a razor blade. The 
wire sample is placed on the stage of a 
wide-field stereo microscope and a_ thin 
section is cut along the surface of the wire, 
Fig. 3. The razor blade is held at a low 
angle to avoid cutting too deeply into the 
copper wire. A thin section of copper is 
cut to insure all layers being included in 
the seciion. The operation is performed at 
a magnification of 10X. 

The section is mounted in a mounting 
medium whose refractive index is Np = 
1.515 and examined with a phase-contrast 
microscope. Phase contrast is employed be- 
cause the contrast provided 
makes individual layers more distinguish- 
able than does a bright field. 

Because these are free-hand sections, they 
are not uniform in thickness: the whole 
section cannot be focused at the same 
time (Fig. 4). The section is much thicker 
at the center than at its edges because of 
the copper. However, restricting the field by 
use of a high-powered objective (25X or 
40X) and changing the focus to follow the 
layers makes possible counting the number 
of layers of enamel applied to the wire. 

Figures 5 and 6 are photomicrographs 
of 6- and 10-layer polyvinyl formal wire- 
enamel wedge sections in which the layers 
may be counted. (The extremely dark areas 
in the sections are thin sections of copper 
which were included as guarantee that all 
layers of enamel had been included in the 
section. } 


enhanced 


This wedge-sectioning technique is quite 


Fig. 4—Six-layer polyvinyl formal en- 
amel wedge section, magnification 250X. 
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Fig. 2 


Fig. 3 


economical of time and equipment. Sec- 
tions may be cut and layers counted in 
less than 5 min per sample. The equipment 
required is lots of razor blades, a wide- 
field stereo microscope, and a phase-con- 
trast microscope. Both microscopes may 
be inexpensive, simple models. 

The technique is not difficult to perfect 
and provides accurate results. Only slight 


Fig. 5 —Six-layer polyvinyl formal en- 
amel wedge section, magnification 420X. 


Cross section, 10-layer polyvinyl formal wire enamel, magnification 1000X. 


Cutting wedge section of wire enamel. 


modifications, such as using mountants of 
different refractive indices, should make it 
applicable to a wide spectrum of wire 
coatings. 


RUTH GIUFFRIA 
Major Appliance Laboratories 
GENERAL ELectric COMPANY 
Louisville, Kentucky 


Fig. 6—Ten-layer polyvinyl formal en- 
amel wedge section, magnification 420X. 
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Practical Products for Creative Engineering 


have the stamina to stand up under a constant ambient 
temperature of 160°C. In fact, their clips have been 
life-tested for more than 800 hours at this temperature 
and still maintained their tension. There are several 
reasons why Oak high temperature switch sections per- 
form with such exceptional reliability. First, positive 
contact is maintained by Oak’s special double-wiping, 
spring clip contact design. Next, Oak has developed a 


special alloy that’s downright reluctant to lose its 
spring tension at these high temperatures. Last, Oak 
rolls a .0006” layer of gold on this clip to doubly-assure 
exceptional stability and contact performance. You can 
order these sections in ceramic or Mycalex insulation 
for Types FIX, HC, DHX, DHC, NC, JC, DLX, FC, and 
FX switches. For more information, contact your local 
Oak sales representative or send details of your applica- 
tion to our Applications Engineering department. 


OAK MANUFACTURING CO. 


CRYSTAL LAKE, ILLINOIS * Telephone: Crystal Lake 459-5000 
OAK ELECTRONICS CORPORATION (Subsidiary) ° 
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Culver City, California 
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STAX-3-FC 
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VAX-4-FC 


blower nom. dia power design point 


TAX-1-VS e d.c. 10 cfm. @ 0.3” H,O 


not pictured 
VAX-2-MM = d.c. 37 cfm. @ 1.5” H,O 
VAX-2-MC a 400 ~ a.c. 50 cfm. @ 2.1” H,0 
EERE Se COE or Sea RE ee ee i 
VAX-3-BD s Ge. 80 cfm. @ 1.2” H,O 
VAX-3-FC a 400 ~ a.c. 100 cfm. @ 3.5” H,O 
VAX-3-GN Sy 115v. a.c./d.c. 70 cfm. @ 1.5” H,O 
ER Reale Re aE: 


VAX-4-FC 4” 400 » a.c. 95 cfm. @ 2.2” H,0 
(140 cfm. @ 2.1” H,0)* 


VAX-4.5-LC 4.5” 400 ~ a.c. 77 cfm. @ 5.0” H,0 
(140 cfm. @ 5.0” H,0)* 
VAX-4.5-GR 4.5” 115v. a.c./d.c. 220 cfm. @ 1.8” H,0 


VAX-5.5-LC ao 400 ~ a.c. 300 cfm. @ 3.0” H,O 
STAX-3-FC ~ 400 ~a.c. 30 cfm. @ 14.0” H,0 
“at 25,000 feet 


most stocked for 24-hour prototype delivery 


For any electronic cooling problem that comes down your road, look to Globe! 
This big new line of vaneaxial blowers may meet your need right now. Or Globe 
will design and develop a special blower for your application (it’s not as difficult 
as you think). Because we make all kinds of motors, we can control all the 
variables—size, weight, high temperature performance, and MIL spec factors. 

A.C. blowers are for 60,400 cycle, or variable frequency; a.c./d.c. blowers 
are for universal operation. Globe also makes a complete line of miniature 
centrifugal and tube-axial blowers and open fans. Request Bulletin VTC from 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE INDUSTRIES, INC. 


PRECISION MINIATURE A.C. @ D.C MOTORS. ACTUATORS, TIMERS. CLUTCHES, BLOWERS & FANS. MOTORIZED DEVICES 
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REDUCED CORE LOSS... 
LESS EXCITING CURRENT 
WITH NEW WESCOR* CORE 


New Westinghouse Wescor core com- 
bines the improvements in quality and 
permeability of Hipersil® steel with a 
newly developed method of forming a 
series of step-lapped core joints. Re- 
sult: higher possible working induc- 
tions in the magnetic circuit. In fact, 
core loss is 33% less than equivalent 
type C core . . . with comparably lower 
exciting current. 

Wescor cores are pretested and ship- 
ped from stock in 27 sizes, ranging from 
30 to 400 pounds. More details from 
your nearest Westinghouse representa- 
tive, or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. *Trademark 


You can be sure ... if it’s Westinghouse 
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More on 
Games Theory 


Anyone who has lightheartedly ven- 
tured on a “daily double,” a bout at 
poker, or a whirl on Wall Street might 
pause with proper humility in contem- 
plation of this rather chilling definition 
of a classical “rational” game player: 

“He never overlooks a message; he 
extracts from a message all the infor- 
mation it bears; he names things 
properly and in proper time; he never 
forgets; he stores and recalls without 
distortion; he never acts on principle, 
but only on the basis of an assessment 
of the consequences of a line of con- 
duct for the problem of maximizing the 
chances of achieving the effects he 
seeks.” 


See how easy it is? A.E.J. 


Alphabet Soup Again 


We are all exposed to many pleas—and 
demands—that we use “clear, simple 
language,” in which it is implied that 
long words are dirty words and short 
ones have built-in virtue. This campaign 
has become a handy gimmick for selling 
tabloid and picture newspapers, but it 
is also just another form of anti-intel- 
lectualism. 

It is an ironical fact that the “cam- 
paign” referred to, along with other 
similar tendencies, is so insidious that 
the very word “intellectual” has been 
made at least dingy. We hasten to point 
out, therefore, that a legitimate (useful) 
meaning for “intellectual” is “the need 
to understand in order to know.” A 
short word is not necessarily conducive 
to understanding when a longer one 
represents the nearest exact meaning. 
Translating complex ideas into short 
words leads to dull, inexact and in- 
comprehensible language. 

The simple-language campaign is 
persistent and plausible because it can 


‘ 


point to so many real faults in our 
business and technical writing habits: 
these admitted faults are then used to 
prove the case for using words that 
“everyone knows.” A conspicuous ex- 
ample of such a fault is in the deluge of 
unexplained initial-letter “words” used 
to represent military and other projects, 
physical phenomena, devices, systems 
and organizations. This is not the same 
as the use of necessary technical words. 
The latter can at least be found by 
reference to dictionaries or textbooks. 
But if you don’t happen to have a 
dustbin type of mentality and don’t 
recall what is meant by IFAC or 


€ 


AGREE or IRASER, you 
rational way of finding out. 

It is obvious that the /egitimate reason 
initial-letter constructions is 


have no 


for these 
to avoid repetition of awkward phrases. 
Unfortunately, it is also obvious that 
their unexplained use is too often a form 
of clubbism which says, “We who belong 
know what this means, and you out- 
siders don't.” This is very similar to the 
strange tendency we have observed in 
some writers actually to go out of the 
tiresome 
when 


way to contrived words 
such as 
meant. 
In our pages, we intend to go out 
of our way to explain initial-letter 
words and other abbreviations 
though we risk repetition. 


use 
“ : ” 
eircultry 


‘circuit” is 


even 
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THIS MONTH’S COVER 


Electro-Technology 


The Cewign Maganne of Clectnca-tiec von Qumnce and Enginwernng 


At the heart of the theory of quantum 
mechanics is the now accepted fact that 
particles 
electron 


even those as tiny as an 
behave as The 
nature of the electron is demon- 
strated on the cover by the concentric 
circle traces that are typical of dif- 
fraction rings ordinarily created by 
X-rays of known wavelength passing 
through a crystal structure. At the upper 
right is a geometric representation used 
to show that if an electron is a wave, 
the peaks and valleys of its orbit must 
join smoothly; wavelengths which would 
not produce such joining (shown by 
the dotted lines) are not possible. These 
fundamental concepts are included in 
what might be termed an introduction to ' 
quantum theory, written for the edifica- 
tion of electrical engineers as this month’s 
Science and Engineering series article 
starting on page 109. 


also waves. 


wave 
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A complete 
new “family” of 
motor starters by 


ALLEN -BRADLEY ee 
producers of in k= 
“Quality” Motor Control j 


Py SIZE 2 
Form 2P 





Greatest advance in motor 


PLUS VALUES OF THESE NEW STARTERS 


e smaller size 


e greater interrupting capacity 


e even more millions of 
trouble free operations 


Thirty years of experience have gone into 
the design of this new Allen-Bradley line of 
motor starters. While retaining the principle of 
the simple solenoid design—with only ONE mov- 
ing part—everything about these Bulletin 709 
starters is new. 

They’re small—especially in the higher ratings. 
Yet, size for size, all tests have proved that they 
will outlast any starter now on the market 
—many times. 

The mew, patented, high-efficiency magnet— 
remarkably powerful for its weight and size—is 
cushioned to reduce shock and wear. The new 
coil is encapsulated for mechanical protection, 
and cannot be damaged by any corrosive atmos- 
phere in which it may be used. The mew pre- 
cision hot molded arc hood confines the arc and 
increases the interrupting capacity. 





control...in 30 years! 


New weld-resistant, cadmium oxide silver con- 
tacts close and seat firmly, eliminating the sliding 
motion that causes wear. The overload relays 
are also mew and are not only completely trip- 
free but also tamperproof. Of course, they were 
designed to use the old Bulletin 709 heating ele- 
ments you have in stock. 

Brooks Stevens is responsible for the smart 
cabinet design —a distinct sales asset on any type 
of installation. Better write today for more in- 
formation on this revolutionary new line of 
Allen-Bradley Bulletin 709 quality motor starters. 


THESE NEW BULLETIN 709 
ACROSS-THE-LINE SOLENOID 
STARTERS ASSURE YOU SUPERIOR 
PERFORMANCE IN YOUR TOUGHEST 
MOTOR CONTROL APPLICATIONS. 
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Note, also, the ‘‘family’’ likeness of all open 
type starters. Imagine the beautiful ‘‘special 


panel!’ engineering that can be done with this 
Pe A-B family of starters, contactors, and relays. 
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CHECK THE “NEW’ WITH THE “OLD” 
BULLETIN 7O9 
SPACE-SAVING DIMENSIONS 


The wiring room in the 


new enclosure will de- 
light the electrician. 


TOTAL OVER-ALL DIMENSIONS 
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eee OCD er across-the-line starters 
in the NEW A-B design! 


ALLEN -BRADLEY 


Member of NEMA 


Quality Motor Control 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wisconsin 





NEW 
BELL LABORATORIES 


RESEARCH FORESHADOWS 


COMMUNICATIONS 
AT OPTICAL 


FREQUENCIES A revolutionary waves that are “coherent.” That is, the light 


new device, the continuously operating Optical 
Gas Maser, now under investigation at Bell Tele- 
phone Laboratories, foreshadows a whole new 
medium for communications: light. 


Light waves vibrate at frequencies tens of 
millions of times higher than broadcast radio 
waves. Because of these high frequencies, a beam 
of light has exciting potentialities for handling 
enormous amounts of information. 


Now for the first time, Bell Laboratories’ new 
Optical Gas Maser continuously generates light 


| 
| 


waves move in phase as seen looking across the 
beam. 

With further research, it is expected that such 
beams can be made to carry large amounts of 
information. The beams can be transmitted 


# through long pipes. They can be projected very 


precisely through space, and might be used for 
communications between space vehicles. 


Research with coherent light is another ex- 
ample of how Bell Laboratories prepares ahead 
for communications needs. 


The Optical Gas Maser (above) was first demonstrated at Bell Telephone 
Laboratories. Heart of unit is a 40-inch tube containing helium and 
neon. Interaction between gas atoms produces a continuous, coherent 
beam of infrared tight that may one day be used in communications. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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OI 
DESIGN 
ENGINEERING 


and Concurrent ASME Conference 


Put those important product drawings and specifications in your 
briefcase. Make a list of original equipment you want to know more 
about. Get a big notebook, and pack a pair of comfortable walking 
shoes. Then head for Detroit’s magnificent new Cobo Hall and the 
biggest, most exciting Design Engineering Show in history. 

The best design and development work that over 350 companies 
can come up with is ready for you to see, compare, and study. The 
top application engineers of these companies will-be on hand to 
discuss their products with you — go over drawings and specifica- 
tions— make suggestions — offer you the benefit of their cumulative 
experience, 


ELECTRO-TECHNOLOGY 
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og Ogg re 


C HOW>.. HALL 
1 Detroit-May 22-25 


Everyone with design-engineering responsibility will benefit 
from DESIGN WEEK IN DETROIT — and every company will 
profit by making sure its design-responsible executives and engi- 
neers have this once-a-year chance to see the latest and best in 
original equipment. There are three mornings and evenings of con- 
current ASME Conference sessions waiting for you, too — all 
devoted to “Designing for the Competitive Market’. There is much 
for you in every one of the Conference’s 24 major papers. 


For hotel reservations write the Detroit Convention & Visitors 
Bureau. For other information contact: 


CLAPP & POLIAK, Inc. Exposition Management 
341 Madison Avenue « New York 17 ¢ MUrray Hill 4-3432 
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SILICONE NEWS from Dow Corning 


For Greater 


Westinghouse Uses Dow Corning 
Silicones for Thermalastic “H” 


Dow Corning solventless silicone resins are excellent dielectrics . . . have 
high bonding strength. When cured, they form tough, void-free, heat- 


stable insulating materials. 


Westinghouse, for example, uses Dow Corning solventless silicone resin 
as a bonding agent and filling material between the overlapping mica 
splittings of their Thermalastic “H” insulation system. Thermalastic “H” 
is used by Westinghouse to extend the advantages of Class H insulation 
systems into large rotating equipment of all voltage ratings including 


13.8, 16.5, and 18 KV. 


Similar in basic construction to the Thermalastic insulation system intro- 
duced by Westinghouse in 1949, Thermalastic “H” utilizes the inherent 
thermal properties and intrinsic dielectric strength of mica and solventless 
silicone resin. The high degree of fill achieved by vacuum-pressure impreg- 


Dow Corning is your best 
source for information and 
technical service on silicones. 


nating glass cloth and mica splittings with 
solventless silicone resin assures a void-free 
insulation unequaled in voltage endurance, 
low power factor, outstanding resistance to 
heat, moisture and other contaminants. 


The top illustration shows large mica split- 
tings on a fiber glass backing being coated 
and filled with solventless silicone resin. 
Next, another layer of glass fiber is added 
and the laminate is then cut into tape. The 
tape is used to lap wind the coils. A sol- 
ventless silicone resin is then introduced 
by vacuum-pressure impregnation and the 
entire coil form is heat-cured. The re- 
sulting insulation system easily handles 
Class H temperatures. 
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'...specify Silicones 


To Silence Solenoid Valve 


General Controls Company of Glendale, Calif., immerses 
the operating mechanism of their Dial-A-Flow gas valve 
in Dow Corning 200 Fluid. Result: the viscous fluid cush- 
ions the snap action of the mechanism, and makes it silent. 
The undesirable “pop” of gas ignition and noise of plunger 
impact are eliminated. Silicone fluid is the ideal damping 
medium because it doesn’t thicken or thin with temperature 
changes, has excellent dielectric properties, is resistant to 


oxidation and to breakdown under shear. 
Circle 114 on Inquiry Cord 


To Assure Reliability 


Dependable performance of Class H unit-substation trans- 
formers is assured by I-T-E Circuit Breaker Company 
through specifying silicone-glass laminates for spacer strips, 
for support cylinders, for insulating diaphragms between 
secondary and primary windings, and for interphase bar- 
riers. Bonded with heat-stable Dow Corning silicone resins, 
glass laminates have high arc resistance, low loss factor, 
low moisture absorption . . . excellent mechanical and 
dielectric strength even after prolonged aging at 250C. 
Used with other silicone insulating components, glass lami- 
nates permit smaller, lighter weight transformers that are 


easier to install and maintain. 
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To Increase Welder Output 


Peer Incorporated, Benton Harbor, Michigan, redesigned 
their welding equipment to take full advantage of the 
benefits offered by Dow Corning Silicones. Results: Power 
factor improved between 15 and 20% over conventional 
welders; transformer size reduced about 30%; interwind- 
ing breakdown raised to over 4000 volts; built-in protec- 
tion against inadvertent abuse that would damage Class A 
and B insulation systems. More important, since redesign- 
ing with silicones, not a single Peer “300” Welder has 
failed for any reason. Basic to this remarkable insulation 
system is Silastic®, the Dow Corning silicone rubber, shown 
being applied to a transformer coil. 
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This is an electric graph line 

recorder. It does not use ink. 
Therefore, it can not freeze. It is fully 
transistorized and contains its own 
power supply. As a result, it can be 
installed quickly anywhere it is needed. 
It is available with either 24 hour or 


WILL NOT FREEZE — 


TE 


seven day jeweled movements, me-  inoustRiaL INSTRUMENT Div. « PoRT HURON, mich. Ments available. Write for full details. 
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chanical or electrical chart drive. A full 
line of measuring ranges and three 
bulb types are available. It is called 
a model 2200. It is available from 
Autolite, Industrial Instrument Divi- 
® sion, Port Huron, Michigan. It is just 
one in a full line of industrial instru- 
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Arnold Pulse Transformer 


Cores ate individually tested 
under actual pulse_condrtions 


Here’s 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

... this newly- 

reprinted 52-page 

bulletin contains 

design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 


Cores are listed in the order of their power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 


ADDRESS DEPT. EM-4 
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The inset photograph above illus- 
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C” cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 


density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans- 
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
vatying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold’s 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, IIl. 


SPECIALISTS in MAGNETIC PAATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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New high power 
Silicon 
rectifier cells 


Ratings to 600 volts... Currents 


For immediate ‘‘off-the-shelf” delivery, order 
from these Westinghouse Distributors: 


| to 240 amps! 


Designed specifically for high-power applications, this new 
Type 439 Westinghouse rectifier cell features a peak reverse 
voltage rated at 600 volts. Another Westinghouse exclusive is 
the fused ceramic-to-metal construction that is hermetically 
sealed for extra reliability, extra ruggedness, extra-long life. Other 
features include: 


Lightweight (8 oz.), small size 
Hard soldered connections 
Junction temperatures to 190°C. 


No thermal fatigue 

High current, high voltage applications include: Electro-chemical 
refining / Plating / Elevators / Cranes / D-C motors / Battery 
chargers / Railway traction / Welders. 

For more information, call your nearest Westinghouse repre- 
sentative or semiconductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 
When it comes to semiconductors ... you can be sure... if 
it’s Westinghouse. $C-1010 


Westinghouse 
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EASTERN 
ACK SEMICONDUCTOR, INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. 
Boston, Mass.,'CO 7-4700 
ELECTRONIC WHOLESALERS INC. 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. 
Camden, N. J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y./PI 6-6520 
Silver Spring, Md./JU 5-7023 
MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
HALLMARK INSTRUMENTS CORP. 
Dallas, Texas/RI 7-9385 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, III./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. 
Cincinnati, Ohio/MA 1-6530 
WESTERN 


ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO. 
Inglewood, Calif./OR 4-8440 





Only this label can assure you of Air Express priority service 


Let’s clear up a frequent misunderstanding: AiR EXPRESS is not a general term for all air cargo. It’s 
a specific air-ground shipping service: AiR EXPRESS Division of R E A Express. Many businessmen 
learn this the hard way. They assume that the famous AiR EXPRESS advantages of jet speed and door- 
to-door service apply to all air shipping companies. It just isn’t so. There’s only one way to be 
sure your shipment is first on, first off, first there—via “i 

a/l 35 scheduled U. S. airlines. Or gets kid-glove handling 

throughout the U. S. and Canada. And that’s to be sure Al <7 EXF R E SS 
it gets this label. /f it doesn’t... it’s not AIR EXPRESS. hss ; 


& CALL AIR EXPRESS DIVISION OF RE A EXPRESS ° GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 





Coat for components 


Looking for a simple encapsulating 
idea? Here’s one that works well at heat- 
proofing, moistureproofing, and _pre- 
venting shorts in small electrical com- 
ponents. It’s non-messy, too. 

Dunked in a paste coating, dried, 
then baked for a short time, compo- 
nents steadfastly resist extremes of heat 
and moisture that would otherwise raise 
havoc with their electrical reliability. 

Components so coated can be sol- 
dered into a circuit without causing the 
coating to melt or peel. It won’t soften, 
and easily passes a series of —55 to 
+85°C cycles. One thousand hours at 
a sweltering 150°C will turn the coating 
almost black but still won’t materially 
affect the component inside. 

The paste is made with Durez phe- 
nolic resin-and-filler compounds sup- 
plied in powder form. After baking, it is 
impervious to ketone solvent cements 
sometimes used in assembling radio and 
TV chassis. 

What can these dip-coating com- 
pounds do for you? We'd like to help 
you find out. Write for more detailed 
information. 


A matter of form 


Even in this enlightened day, there’s a 
certain no-man’s-land between the prac- 
tical engineering concept of functional 
form and the equally practical limita- 
tions on what can be produced by a row 
of machines in a factory. 

This part bridges the chasm, and 
very nicely. 

It is designed to straighten out and 
expedite the flow of air in a famous- 
make clothes dryer. This it does. As a 
consequence, thousands of housewives 
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¢ Dip-coating compounds 


e What to do about odd shapes 


the country over will have no lint re- 
moval problem on washday. 

Its shape, functionally logical, might 
have proved a manufacturing night- 
mare if production men had not risen 
to the challenge and called in a custom 
molder of thermosetting plastics. 

With a few minor compromises in 
the basic design, it was agreed that the 





part could be produced successfully us- 
ing a Durez general-purpose phenolic 
molding compound. Here you see the 
burr-free, trouble-free result. 

Are you contemplating a shape that 
is right for the job but that will raise 
eyebrows in the production depart- 
ment? Then perhaps it’s time to talk 
with your molder. Meanwhile, let us 
send you Bulletin D400 describing what 
can be done with Durez phenolic mold- 
ing compounds. Just check the coupon. 


For more information on Durez materials mentioned above, check here: 
(} Data on phenolic resin compounds for dip-coating 
([) Phenolic molding compounds (8 page Bulletin D400) 
() Diallyl phthalate molding compounds (data sheets) 
| “Durez Plastics News” (a review of current plastics applications, mailed 


bimonthly ) 


~ 
| 

| 

| 

! 

| 

| 

| 

Check, clip and mail to us with your name, title, company address. 
| (When requesting samples, please use business letterhead.) 
| 

| 

| 

I 

l 

! 

| 

l 

! 

— 


DUREZ pPLAsTICcs DIVISION 


1304 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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@ High-reliability insulation 


It’s ultra-reliable 


Most phenolic molding compounds are 
good electrical insulators; but we can 
provide you with ready-to-mold mate- 
rials that are even better. 

If you’re serious about wanting su- 
perior electricals, and want them in an 
environment of high humidity, extreme 
temperature, vibration, or shock, then 
you'd be well advised to check the 
Durez family of diallyl phthalate mold- 
ing compounds. 

Just as a sampler, one of these ma- 
terials has a surface resistivity of 20 
million megohms, and insulation re- 
sistance of 1 million megohms—after 
30 days of 100% relative humidity at 
70°C. After 50 days in water at 50°C, 
it has a dissipation factor of only 
0.044. With these properties it com- 





bines excellent moldability and virtual 
freedom from cold flow and creep. 

Such a mix can look very good when 
a man is trying to cram a lot of electrical 
hardware into a small package. Often, 
Durez diallyl phthalate material lets 
you design slimmer sections and small- 
er molded parts. 

To get more information on these 
compounds, check the coupon. 


Tra 


CHEMICALS 


PLASTICS 
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More MIL type transistors 


Amplifier and Computer N PN (Icon FED BED MOUNTING) 


Voltage Current Gain 

Type No. Mil Spec Rating Min. Max. 
2N332 MIL-T-19500 /37A (NAVY) Vee 45 : 953 
2N333 MIL-T-19500 /37A (NAVY) Vce 45 p .976 
2N334 MIL-T-19500 /37A (NAVY) Vce 45 j 989 
2N335 MIL-T-19500 /37A (NAVY) Vce 45 7 .989 
2N337 MIL-S-19500 /69C (NAVY) Vce 45 55 

2N338 MIL-S-19500 /69C (NAVY) Vs 45 150 


Unijunction NPN (swoon rxeo seo wouvnne) 


Type No. Mil Spec jay anne —_ 
2N489 MIL-T-19500 /75 (USAF) Vez 60 51 62 
2N490 MIL-T-19500 /75 (USAF) Vex 60 51 62 
2N491 MIL-T-19500 /75 (USAF) Vex 60 56 68 
2N492 MIL-T-19500 /75 (USAF) Vex 60 56 -68 
2N493 MIL-T-19500 /75 (USAF) Vez 60 62 75 
2N494 MIL-T-19500 /75 (USAF) Vez 60 62 75 


Audio PNP ccerwavum 


Type No. Mil Spec Rating Min. Max. 


2N43A MIL-T-19500 /18 (USAF) Vce 45 hy .968 — .985 
2N44A MIL-T-19500 /6 (USAF) Vee 45 he 18 — 
2N526 MIL-S-19500 /60C (JAN) Vce 30 hee 53 — 90 


Computer PNP ‘cerwwuw 


Type No. Mil Spec Rating Min. Max. 


2N123 MIL-T-19500 /30 (USAF) Vce 20 150 
2N396A MIL-T-19500 /64A (NAVY) Vce 30 150 
2N404 MIL-T-19500/20 (USAF) Vce 25 


Reliability based on improved designs and 


backed-up by a book full of life test data 

characterizes these General Electric tran- Computer NPN (GERMANIUM) 
sistors for military applications. For com- ; 
plete technical data, just see your Semicon- Voltage _Current Gain 


T No. Mil < Rati Min. 
ductor District Sales Manager, or write to oe oo a cs pe 


Semiconductor Products Department, Section - 
20091, General Electric Company, Electron- 2N78A MIL-S-19500/90 (USAF) Ve 20 135 


ics Park, Syracuse, New York. 2N167A MIL-S-19500/11A (USAF) Vce 30 
FOR FAST DELIVERY AT FACTORY-LOW PRICES 2N388 MIL-T-19500 /65 (NAVY) Vs 25 


IN QUANTITIES UP TO 999, SEE YOUR 
AUTHORIZED G-E DISTRIBUTOR 


GENERAL @@ ELECTRIC 
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Outstanding new Formvar-type wire specifically for hermetic motors using R-22... 


Mr AB ARMETEZE 


*'® Excellent resistance to © 9 Excellent chemical stability— Hermeteze is Phelps Dodge’s new Vinyl Formal-Ure- 
softening and extraction by good resistance to hydrolysis. thane magnet wire for hermetic motors operating in 
R-22 and R-12 refrigerants. R-22 and R-12 refrigerant gases and oil. It represents 

a a major advance in film wire insulation designed for 

=,9 Retains dielectric at operating hermetic unit operation. In addition to having all the 
temperature. excellent physical, chemical and electrical properties 

© No sacrifice of physical or of Formvar, Hermeteze offers remarkably improved 

~ electrical properties over properties for protecting windings against failure from 
hermetic Formvar. plastic flow at overload conditions. 


* Retains flexibility in hot oil. 
» Exceptional resistance to all 
conventional solvents. 


» Outstanding ability to take heat 
and pressure without excessive 
physical softening—provides 
maximum protection against 
short time, high overload 


stress on windings. Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


Formvar™ Shawinigan Resins 


aaa se) | 

LASTING QUALITY— 
FROM 

ae eam 
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WHICH R&M MOTOR 
FEATURE WILL ADD MORE 
TO YOUR PRODUCT'S 


COMPETITIVE 
ADVANTAGE? 


, Ailes 
REMOVABLE 3 DUAL-SWEEP | PROTECTED MYLAR SLOT 
BEARING CAPS VENTILATION j END HEADS INSULATION — 


All these outstanding features—yours at no extra cost—contribute to R&M’s 
dependable performance, easy maintenance and long life. Fully sealed double- 
width bearings have extra-large reservoirs containing grease selected to resist 
dust, temperature, humidity and high speeds. Bearing inspection and relubrication 
are easy. Bearing cap on each end head comes off quickly when four bolts are 
removed. Bearing seal, held by removable snap rings, is also easily removed. 
“Dual-Sweep” ventilation greatly prolongs motor life with high-velocity cooling 
and cleaning. Tandem fans—one pushing, one pulling—create end-to-end ven- 
tilation that eliminates “dead” areas. Venturi baffles direct air over and around 
end coils. One-piece shrouded end heads give full-height protection against mois- 
ture and falling objects. Mylar* laminated to rag paper insures positive slot cell 
insulation because of its excellent dielectric qualities (8 times that of conven- 
tional insulation). Rag paper backing provides cushion against abrasion and 
puncture. Get complete information . . . write today for Bulletin 520-ET! 


*DuPont registered trademark 


ROBBINS & MYERS, INC., Springfield, Ohio, 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * MoynogIndustrial Pumps 
Propeliair, Industrial Fans * R &M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies ot: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario, 
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Open Protected Polyphase Motors (left), 
up to 200 HP, are suitable for many ap- 
plications formerly requiring totally en- 
closed construction. 


Totally Enclosed Motors (right), 4% to 200 
HP, are fan-cooled . . . offer complete pro- 
tection against all harmful atmospheres. 


“PM” Single Phase Motors (left), ratings 
through 20 HP, eliminate maintenance be- 
cause they are fully weatherized for severe 
duty. 


Explosion-Proof Motors (right), ratings 
through 200 HP, are Underwriters’ Ap- 
proved for Class I, Group D, and Class 
ll, Groups F & G, 


MOTORS 1 thru 200 HP 








. « * e * 
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ee BRUSHES contribute. 
: to the reliability of 
heavy duty industrial tools 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 
Always specify USG brushes of carbon, carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained Ne¢essery information on USG 


° ¢ . : . Brushes and Contacts is con- 
staff of engineers is available to assist you in sgined in Catalog B-56 and the 
the selection of the grade and type of USG sq grade list. Write for these 


brush best suited to your application. two catalogs today. 


B-267-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW MICHIGAN 
GRAPHITAR® carson-grapnite © GRAMIX® POWDER METALLURGY © MEXICAN® crapnite prooucts © USG® srusues 


36 Circle 125 on Inquiry Card ELECTRO-TECHNOLOGY 





Cubic Corporation announces the V-45 
—the first low-cost digital voltmeter 
with premium features. Now industrial 
users can buy a top-quality, preci: 

four-digit instrument at a price they 
can justify—only $940. Here are the 
premium features you get in a V-45: 


Floating Input: Both sides of the input 
may be floated above or below ground. 
The floating input circuit provides 
more than 80 db rejection to 60-cps 
common-mode signals. A grounded 
input is also supplied. 


Extended Range: A 10% extension is 
incorporated in each of the V-45’s three 
ranges. Voltages up to 10.999 may be 
read on the 10-volt range; voltages up 
to 109.99 may be read on the 100-volt 
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range; and voltages up to 1099.9 may 
be read on the 1000-volt range. There- 
fore, the operator need not constantly 
shift back and forth between ranges 
when reading close to the normal 
upper limit of a range. 


Transistorized Logic and Drive Circuit: 
The V-45 DVM uses construction tech- 
niques representing the latest state-of- 
the-art, with all-transistorized circuitry 
driving reliable stepping switches. 


Cubic manufactures a complete line 
of quality digital instruments, includ- 
ing a-c and d-c voltmeters, ohmmeters, 
ratiometers, scanners and printer 
controls. Write for literature to Dept. 
ET-103, Industrial Division, Cubic 
Corporation, San Diego 11, California. 
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SPECIFICATIONS 


MODEL V-45 DIGITAL VOLTMETER 
Input Impedance: 10 megohms 

at balance. 

Ranges: Manually selected, 

10% extended range 

Low +0.000 to + 10.999 vde 

Mid +00.00 to +109.99 vde 

High +000.0 to +1099.9 vde 
Sensitivity: 1 millivolt 

Sensitivity Control: Continuously var- 
iable from 1 digit to standby lockout. 
Power Input: 105-125 vac, 50-60 cps, 
25 watts standby, 30 watts operating. 
Dimensions: 19” wide, 54%” high, 14” 
deep, rack or bench mounting with 
dust-proof switch and bridge section. 
Average Balancing Time: Less than 2 sec. 


cubic 


CORPORATION 





Meet military spec requirements 


AC contactors 


For magnetic operation on motor 
loads through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41/2 poles. 


Thermal overload relays 


Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


Terminal boards 


Designed for 25-, 50-, 100-, and 
150-amp circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


AC relays 


Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


Reset relays 


A remote method for resetting overload 
relays; consist of potted solenoid coil 
and a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Fuse blocks 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 


DC contactors 


CEWERAL Srreerare 
wearers (ag JC Comtacton 


Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms available. 


Panel-mounted pushbuttons 


For use on a-c or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 


Resistors 


Starting and regulating duty on motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
amps continuous and five lengths. 





with General Electric Hl-shock 


DC relays 


Multi-current and overcurrent relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 


For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on panels 
up to 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 


control components 


A complete line of devices designed for 
extreme environmental applications 
@ Shock 
e Humidity 
© Fungus 


© Vibration 
® Tilting 
© Temperature 


Whether you're designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent ... one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 

All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 

Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


General Electric’s Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


SEND TODAY FOR FREE CATALOG 


General Electric Co., Section J785-15 
Schenectady 5, New York 


Epp Nery Lentrl Components 


coset cement mtimery woe 


J FN he Please send me a copy of the Navy Control 


Components catalog, GEA-6798, with descrip- 
- tions, specifications, and pricing data on the 


~s f= 4 

roca complete line. 
CE ee 

= : a... 


Company panoge 
Address acanierdiay 
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HOW SHOULD YOU EVALUATE POTENTIOMETER ACCURACY? 


Accuracy in an instrument is more than a matter 
of how closely measured values correspond to true 
values. Some potentiometers, for example, may be 
capable of sky-high accuracy —but only under ideal 
laboratory conditions. Other potentiometers may 
deliver consistent high accuracy . . . higher than 
you actually need . . . with the penalty of excessive 
cost. 


A realistic evaluation of potentiometer accuracy, 
then, involves consideration of stability and repro- 
ducibility as well as stated limits of error. By these 
criteria, Rubicon potentiometers, galvanometers 
and bridges should be YOUR choice. 


Qq By any measure, the new Rubicon 2746 port- 
able potentiometer is an outstanding instrument. 
Ranges O—1.601 and O—0.1601 volts. Limits of 
» error are constant, realistic, usable: high range— 
30 microvolts or 0.03% of reading, whichever is 
larger. Low range—3 microvolts or 0.045% of 
reading, whichever is larger. Depend on it for 
consistent accuracy. Write for Specification Sheet 
RS-2746, for details. 
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Rubicon accuracy stems from a long tradition of 
engineering excellence and a pride of craftsmanship 
that is not easily found these days. You can sense 
this about Rubicon instruments, even before you 
put them to work. And today the Rubicon tradition 
of the finest in measuring instruments is being per- 
petuated by both small refinements and major 
advances in design . . . to make the best even better. 
The complete line of Rubicon instruments is avail- 
able through any of the Honeywell branch offices 
across the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, 
Ridge Ave. at 35th Street, Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL 
Sales and Service offices in all principal cities of the world. 
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SOLID STATE RELIABILITY 


e COMPACT — LIGHTWEIGHT 
e POWER RATINGS 30VA—3KVA 


e MODULAR CONSTRUCTION — full flexibility to meet 
special requirements 


e CHOICE OF FREQUENCY ACCURACY 1%, .01%, .05% 

e REGULATION+2% DISTORTION 5% MAX 

e TEMPERATURE —55° to +71°C, 100 C available 

e OVERLOAD AND SHORT CIRCUIT PROTECTION 
= e MIL SPECS 5400 and 5272, Mil E—16400 upon request 


MAGNETIC AMPLIFIERS DIVISION 


632 TINTON AVENUE, NEW YORK $5,N.Y., CYPRESS 2-6610 
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TO THE ENGINEER 


looking for a quick connection 


Engineers out to cut costs at no expense of 
reliability can count on dramatic savings in 
assembly and wiring time by designing 
around AE Class E relays with quick-connect 
terminals. 


Series EQPC is designed for direct insertion 
into printed circuits. Series EQTT, with 
Taper-Tab terminals, provides firm, high- 
conductivity connections without soldering. 


AE also supplies Class E relays prewired 
for plug-in — with standard 8- to 20-prong 
octal plugs. Where additional relay protec- 
tion is essential, the plug-in types are avail- 
able in hermetically sealed containers or with 


dust-tight housings and hold-down brackets. 


The AE Class E relay is a miniaturized version of 
the premium-quality Class B, with many of its 
best features. Perfect contact reliability exceed- 
ing 200 million operations is common. 


AE is also equipped to supply wired and 
assembled, custom-built control units, or to 
help you develop complete systems. 


Want details? Just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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. not even a purr! It's this traditional quietness of Hoover 
ball bearings that best demonstrates Hoover Quality . . . 
your assurance of longer life, superior performance. 


Hoover-Honed raceways are super-smooth, finished to 
microscopic accuracy. Micro-Velvet balls are accurate 
within millionths of an inch. Precision assembly is achieved 
through perfect matching of ball complements and race- 
ways. When specifications call for finest quality specify 
Hoover Quality bearings. There is a wide range of types 
and sizes.{Contact your local Hoover bearing specialist, 
listed in the Yellow Page Directory, or write to us. 

Hoover-Honed and M icro- Velvet are Hoover Ttademarks. 


hoover 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 


Zone Sales 8581 South Chicago Ave., Chicago 17, Illinois 
Oh rat mil] Pe AOM Celle alle le eS 


W arehouses 2020 South Figueroa, Los Angeles 7, California 
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CHRIS TIE Specialists in Power Supplies for over 30 Years 


ee ta 


SILICON CONTROLLED RECTIFIER REGULATED 


2 TO 36 VOLT D-C - 30 AMPERE 


Laboratory Power 
General Purpose Power 
Automatic Battery Charging 


e Wide Range 

¢ All Silicon 

® Overload Capability 

@ Mil-Type Available 

© Local or Remote Sensing 


Write for Complete Information 


CHRISTIE ELECTRIC CORP. 
3406 West 67th Street, Los Angeles 43, California 


Over 200 other Power Supplies and Battery Chargers 


TRANSISTOR- ° MAGNETIC 

MAGNETIC AMPLIFIER , UNREGULATED & 
AMPLIFIER , REGULATED SEMI-REGULATED 
REGULATED (STAVOLT) (RECTODYNE) 
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SCR POWER SUPPLY 
MODEL BC236-30 


VOLTAGE ADJUSTMENT RANGE: 
2 to 36 v. d-c (two ranges) 


OUTPUT CURRENT RATING: 

30 ampere continuous 

50 ampere intermittent 

VOLTAGE REGULATION: 

+0.5% or +140 millivolt 
(whichever is greater) 

RMS RIPPLE 

1% from 12 to 36 vdc; 2% below 


TIME CONSTANT (12-36 v.): 
full load on: 50 millisec 

full load off: 150 millisec. 
A-C INPUT 

115 v. + 10%, 1-Ph., 60 cps. 


AMBIENT TEMPERATURE RANGE: 
20°C to +45°C 


PARALLEL OPERATION 
Includes load sharing provision 


VOLTAGE SENSING: 
Local or remote 


VOLTMETER & AMMETER: 
2% accuracy, 342” square 


ON-OFF CONTROL: 
A-C Switch 


PROTECTION: 
Magnetic Circuit Breaker 


INPUT-OUTPUT ISOLATION: 
“4"" or “—'' may be grounded 


COOLING: 
Convection (no fan) 


AUTOMATIC REGULATOR: 
Silicon Controlled Rectifiers 


SIZE & WEIGHT: 


13%” H x 17%” W x 15%4”D 
100 Ibs 


Optional Extras: 


AUTOMATIC BATTERY CHARGING & 
CURRENT LIMITING PROVISION: 
Specify Suffix “B”’ 


MILITARIZING: 

Built to MIL-E-4970A for humidity, 
salt spray, sand, dust, fungus, 
rain, sunshine & low pressure. 
Also shock & vibration category D. 
Specify Suffix “P” 


RACK STYLE: 
12%” H x 19°W x 13”D 
Specify Suffix “R” 


TRANSISTOR 
REGULATED 
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Be ee 


opportunities for 


systems analysts 


Hughes Aerospace Engineering Division 
has openings for Systems Analysts to 
consider and analyze a wide spectrum of 
basic problems such as: 


What are the requirements for manned 
space flight? 


Justify choice of systems considering 
trade-off of choice in terms of cost 
effectiveness. 


Automatic target recognition 
requirements for high speed strike 
reconnaissance systems or unmanned 
satellites. 


IR systems requirements for ballistic 
missile defense. 


Optimum signal processing techniques 
for inter-planetary telecommunications. 


Maintenance and logistic requirements 
for weapon systems. 


The positions involved with the solution of 
these basic and critical questions present 
opportunities for the optimum application 

of the technical and analytical backgrounds 
of graduate physicists and engineers with 
both systems and specialized experience 


If you are interested in helping to solve 
these questions and are a graduate physicist 
or engineer with a minimum of three years 
experience in weapon systems analysis, 
operations analysis, IR, physics of space, 
signal processing or communication 
theory, we invite your inquiry. For 
immediate consideration, please airmail 
your resume to: Mr. Robert A. Martin, 
Supervisor, Scientific Employment, 
Hughes Aerospace Engineering 

Division, Culver City 24, California. 


We promise you a reply within one week 
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INSULATED WITH 


“MYLAR” 


V4 H.P. 
INSULATED WITH 


PAPER 


Motors insulated with Mylar” 
are smaller... lighter 


Motors above have the same rating, 
but the smaller, lighter one takes 
advantage of “‘Mylar’’* polyester 
film for slot and phase insulation. 

Because of its excellent electrical 
and physical properties, ““Mylar’’ can 
be used in thin gauges to help reduce 
motor size up to 40% and weight up 
to 33%. The thermal stability of 
*‘Mylar’’ allows motors to run hotter 
and develop more horsepower from 
a given frame size. 


Insulation of ‘‘“Mylar” contributes 
built-in reliability and longer life to 
appliance motors because its proper- 
ties do not change over long periodsof 
continuous operation at high temper- 
atures or when exposed to chemicals, 
solvents and lubricants. And because 
“‘Mylar”’ is unaffected by moisture, 
current leakage and shock hazard 
are cut to a minimum. And yet, 
motors insulated with ‘‘Mylar’’ 
frequently cost no more than those 


Tough, thin “‘Mylar’’ has this unique combination of 
properties for superior insulating performance. 


« Average 4,000 volts per mil dielectric strength 
(ASTM D-149). Average power factor of 0.002 at 60 


cycles. 


e Thermal stability from -60°C. to Class B range. 
e Chemical and moisture resistance. 
e Resistance to aging, abrasion, tearing and rotting. 


a 


“Mylar” have superior moisture resis 


feliability standards. 


Circle 134 on Inquiry Card 


IN CAPACITORS — Units insulated with 


tance and jonger life. . . meet highest 


using other common types of in- 
sulation. 

Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with Du Pont 
“‘Mylar’’. And, figured on a square- 
foot basis, ““Mylar’’ will often cost you 
less than your present material. For 
full facts on ‘“‘Mylar’’, write for free 
booklet. E. I. du Pont de Nemours 
& Co. (Inc.), Rm. #14, Film Depart- 
ment, Wilmington 98, Delaware 


*“ Mylar” is Du Pont's registered trademark for 
its brand of polyester film. 


Better Things for Better Living . . 


DU PONT 


MYLAR 


POLYESTER FILM 


through Chemistry 
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“The definition of a farad 
unfortunately makes it a unit too 
large for general use. 

More convenient are the units 
micro-farads and micro-microfarads.”’ 


It is said that even Michael Faraday doubted if a farad could ever 
be realized. But then, he hadn’t been exposed to the engineering and 
production capabilities of Sangamo... the first capacitor manufac- 
turer to produce and establish standards in the production of elec- 
trolytic energy storage capacitors. 


So now the “impossible’—a farad of capacitance capable of being 
held in one hand—has been achieved. Rated at 1% volts, the one-half 
farad Sangamo Type DCM electrolytic carries the highest capaci- 
tance per unit volume in the industry. It is the product of Sangamo 
engineering imagination... the very real result of intimate product 
knowledge applied to quality materials and progressive production 
methods. It is ready for application in missiles, computers, and a wide 
range of power supply applications where peak power requirements 
exceed the maximum output of the supply. Phone near? Discuss your 
applications with your Sangamo Representative. 


Occasionally applications call for energy-storage capacitors to meet 
special requirements, including higher temperature and higher ripple 
current. That’s a good time to turn to Sangamo, where yesterday's 
impossibilities become capacitor facts such as this... 


CAPACITZTY-OnNE FARA YD 


SAN GAMO ELSBEecCTRiIGC COMPAN Y © SPRINGFIELD, ILLINOIS 


APRIL 1961 
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IN REPUBLIC’S FULL LINE OF COLD REDUCED SILICON STEELS... 


Continuous Annealing means better Magnetic 
and Mechanical Properties 


KEY STEP in the production of Republic Cold 
Reduced Silicon Steels is continuous annealing. 
Pioneered by Republic, continuous annealing takes 
place in a controlled atmosphere which gives the 
steel a thin, tight surface oxide for reduced core losses 
in finished products. Slitting occurs before final 
annealing. Heating and cooling cycles are precisely 
controlled to protect the uniformity of magnetic and 
mechanical properties. 


FULL LINE. Republic Silicon Steels—including 
standard core plated silicon sheets and coiled sili- 
con strip—are available in all standard grades and 


oH 


Strong 
Modern 
Dependable 
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LocoreE to meet all your production requirements. 


LOCORE®. Important savings in material costs can 
often be realized by using Republic LocorE—low 
carbon cold rolled steel specifically processed for 
magnetic applications. High permeability at high 
flux density makes Locore ideal for many magnetic 
applications. Available in coils and cut lengths. 


For complete information on Republic Silicon 
Steels and Republic Locorg, contact your nearest 
Republic Office, or write Republic Steel, Department 
ET-1396, 1441 Republic Building, Cleveland 1, Ohio. 


REPUBLIC STEEL @ip=) 


Weel Uhileit Range of Stivelard, Sthols aud Stal Prodlists 
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| SQUARE D's ; NEW : 
TERMINAL BLOCKS 


girs 
ici kde 


NOTI CE (above) how little space is 


required to remove or add a Square D 
channel-mounted terminal block to 
the completely assembled unit. Espe- 
cially important for a quick change 
when an additional terminal must be 
inserted into grouping. 


LOOK (<1 right)... 


all sizes can be 
mounted on same 
channel...25 am- 
pere pressure wire 
connectors, 25 to 
50ampere box lugs 
...all can be inter- 
locked together. 
Terminals in kit 
form to “‘do-it-your- 
self” or factory- 
assembled to stand- 
ard specifications. 


N. é W. .. fusible terminal block (below) 
for protection of solenoids and other 
single or three-phase loads. Mounts 
on same channel as regular terminal 
blocks. Available factory-assembled 
or in kit form for customer assembly. 


ASK YOUR SQUARE D FIELD ENGINEER 
or write for Bulletin which covers details on Channel- 
Mounted Terminal Blocks. Address Square D Company, 
4041 North Richards Street, Milwaukee 12, Wisconsin. 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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Four McGill 0800 Rocker Switches (20 amp. 
125V capacity) are integral parts of the 
flexible programming system of the popular 
SPEED QUEEN Automatic Washer. Three 
McGILL 0800 Rocker Switches are also used 
on the SPEED QUEEN Automatic Clothes 
Dryer. 


ELECTRICAL RATING: 
20 amp, 125V AC 1% hp 
10 amp. 250V AC 2 hp 


ROCKER SWITCHES 


McGILL Rocker Switches meet the appear- 
ance, operational, dimensional and cost re- 
quirements of a wide range of appliance and 
many varied electrically powered equipment 
applications. Hundreds of variations with 
respect to actuator colors and sizes, mount- 
ing brackets, circuitry and terminals are 
available to meet your specific requirements. 
Heavy duty construction and higher ratings 
insure long life. Contacts of silver cadmium 
oxide on special copper, silver plated termi- 
nals and connecting parts, housings of impact 
resisting phenolic, These new 0800 series 
switches reflect the quality built into Mc- 
GILL switches and electrical specialties for 
over fifty years. 


for lasting dependability! 


1901 Series 


MOMENTARY CONTACT 
SWITCHES 


Simplified switching action 
utilizes two precision wound 
stainless steel springs. Con- 
tact bouncing is eliminated. 


Standard with variety of circuitry in both 15 and 30 amp. 
125-250V models, with 2 amp. 125V DC and 2 HP 250V 
AC ratings. Contacts inlaid’ with silver cadmium oxide. 


Six types of actuators. 


PUSH BUTTON SWITCHES 
No. 71-P small size (only 3%” thick) 
push button switch with “T” rating of 


6 amp. 


125V, 3 amp. 250V. Brown 


Bakelite case, 6” wire leads. 


71-P Series 


SPECIAL SWITCHES 


Typical of special switches is the No. 


1601 open blade snap switch, up to 10 


1601 Series 


amps. Whether it is a modification of 


TOGGLE SWITCHES 


Impact resistant, 
and vibration-proof housing 
protects the performance of 
the famous LEVOLIER mech- 
anism. Available in 6 amp. to 
20 amp. SP and DP models 


dust-proof 


with added DC and HP rat- 
ings. Choice of terminals on 


90 Series 
most models. 


NEW CATALOG 


No. 60 is just off the press. It is yours for 


the asking 


write for your copy today, 


engineered electrical produets 


MoGILE 


an existing switch, or a completely new one, chances are we 
can help you with the switch that will do the job just right — \ precision needle roller bearings 
and save you money and assembly time, too. Qr 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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MOTORS 
BY THE 
POUND? 


You're buying motors by the pound 
when price /s the only consideration 


Va 
F -s 
Jig 
M4 -. 


Today's machine tools can’t afford motors 
selected on the basis of price alone 


Modern machine tools are designed to manufacture 
products of great precision at the lowest possible cost. 
But a machine tool is only as productive as the electric 
motors that drive it. Motors purchased on the basis of 
price alone often fail to give their users the greatest 
value in terms of useful service life. 


The selection of the right motor to power your products 
requires not only specification of type, rating and oper- 
ating characteristics, but consideration of such factors 
as uniform, troublefree performance, dependable long- 
life operation, the reputation of the manufacturer, and 


his ability to provide immediate repair parts and service 
—when and where they're needed. Wagner® motors 
have earned their reputation for proven dependability 
in their specific applications. 


Next time you buy motors, check beyond the purchase 
price. Make sure that you get all the performance you 
need—with motors that will do the job. 


Wagner motors have been getting the job done for more 
than 65 years. Your Wagner Sales Engineer will be glad 
to show you why. Call him for an analysis of your next 
motor application, be it for plant or product. 


es and Distribut n all Principal Cities 


Winter Placteie Corporation 


WM6I-4 
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6454 PLYMOUTH AVENUE, ST.LOUIS 33, MISSOURI 
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The Standard 
of Reliability 
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But RBM “Customer-izes” This Quality 
Basic Relay for Low-Cost Solutions 
of Many Control Problems! 


The RBM 98000 Series AC or 
DC Relay is capably per- 
forming such a variety of tasks 
you might think you were 
seeing double. Truth is, there 
are so many different contact 
ratings and terminal 
variations ... all regular pro- 
duction items at RBM... 
that the 98000 Series has been 
‘‘customer-ized”’ to fulfill 
almost every conceivable 
requirement. RBM’s vast back- 
ground of application en- 
gineering frequently can serve 
you with design shortcuts like 
this...and at low cost when 
delivered in volume. 


forms, 


BUT THAT IS ONLY PART 
OF WHAT RBM CAN DO 
to save your time, your nerves 
. and your company money. 
RBM has the development en- 
gineering staff and the man- 
ufacturing facilities to assist 
on any control problem. No 
matter if it is a present prob- 
lem, or one in the devel- 
opment stage. When the ap- 
plication can best be served by 
an existing RBM control, w 
will find the right one. If a 
special control or complete 
system is necessary, RBM will 
engineer and develop it. 


For engineering help on the most efficient 
and low cost solution of any control problem, 
consult your local RBM Application 
Engineer or send specifications direct. 


Request Bulletin 1060 for complete information on RBM General Purpose Relays. 


These component production variations 
perform a variety of tasks. 


These are exclusive high quality 
design features of the RBM 98000: 
Many are listed by U/L File No. E12139 
or No. £22381. 
1 Varieties of coil terminals available; 
solder, quick-connect or leadwires. 
2 Simplified magnet frame and ar- 
mature assembly provides efficient, 
positive action. 
Variety of mountings available. 
Pressfit contact pile-up eliminates 
drift; assures contact stability, 
Varieties of contact terminals avail- 
able; solder, quick-connect or lead- 
wires. 
Dependable cross-bar contacts 
available for low voltage and/or low 
current circuits. Power contacts 
available to 15 amps. on same relay. 
Also available is the RBM 97000 Series 
Relay, providing additional coil power or 
greater sensitivity. 


RB MM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
Factories Located at North Manchester and Logansport, Indiana 
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A Honeywell Service Featuring 


New Transistor Applications 


Does your regulated power supply burn out 

when short-circuited? If so, Honeywell's 

improved high current voltage regula- 

tion circuitry can help you. Check these 

basic circuit features: 

¢ Short-circuit protection up to 60°c. 

* 1% regulation at 21 volts output from 
0 to 3 amperes load current. 

* Output impedance of less than 0.07 
ohm. 

¢ Open circuit regulation at high tem- 
peratures with no power-wasting 
bleeder. 


Honeywell 
Hl Fiat we Coutrol 


¢ Circuit simplicity 

¢ Versatility. The basic circuit can be 
easily adapted to operate at higher 
load currents over wide output volt- 
age ranges or over wider temperature 
ranges. 

For a complete description of the fea- 

tures, theory of operation and adapta- 

tions of this circuit—plus circuit design 

procedures—send for Application Note 

ANIC. Simply fill out and return the 

coupon below to: Honeywell, Dept. 

EO-4-52, Minneapolis 8, Minnesota. 


INCE 1865 


APRIL 1961 


Name 
Addre 
Company 


City 
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COMPONENTS 


Honeywell 3N49 
Honeywell 2N1263 
2N169A 

Voltage Reference Diode 
(1N763 or equivalent) 
3 ampere Silicon Diode 
(1N1581 or equivalent) 


Kindly check one or both of the following: 


180 ohm 
100 ohm 
390 ohm 
4700 ohm 
0.02 ohm 
3300 ohm 
20-50 ohm 
Load 


(1) Please send me your Application Note ANIC detailing 
a Series Voltage Regulator. 


(J Please have a Honeywell field engineer call on me at my 
convenience 





Century close-coupled pump motors 


Century close-coupled pump motors make real 
design sense, especially today when mounting space 
costs money. The overall length of the pump and 
motor assembly is considerably shortened—almost 
25°% in the pumps shown here. 


This close-coupled mounting also eliminates 
the intermediate coupling and bearing. Alignment 


of pump and motor ceases to be a problem. Mainte- 


58 


nance is simplified because there is less to maintain! 


Both units shown here are Century 5 horse- 
power, squirrel cage, open frame construction 
motors. Both motors are 208-220/440 volts, 3470 
RPM. 


This standard pump construction measures 
337%" long from bedplate base to the end of the 
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make this difference ... and more 


” 


pump. The close-coupled pump unit measures 25! 4 
long. This is a difference of 8°,” in overall length— 
a space saving of almost 25°% in these two compara- 
ble horsepower constructions. 


The Century close-coupled pump motor is not 
a “special.’’ Neither is its price. You can order it 
directly from Century stock. Your Century repre- 
sentative (he’s a full-time motor specialist) or dis- 
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tributor can give you full details on close-coupled 
pump motors—including prices and delivery time. 
Contact him right away, and write for Bulletin 
1455 to: 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


gle 
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Chart new paths in printed circuits with Panelyte” 


As new uses for printed circuits are developed, and 
new, more demanding designs are specified—count on 
»anelyte Copper-Clad Laminates for consistently su- 
perior quality. 


At present, you can choose from a wide range of prop- 
erties in four different grades. But St. Regis® Panelyte 
is working to perfect structural qualities which will 
meet your future needs, as well. 


Whether you’re looking for better machinability and 
adhesion, superior chemical resistance, closer thermal 
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tolerances or any special combination of characteristics, 
bring your copper-clad laminate specifications to 
Panelyte. We can supply Panelyte in the following 
grades: Paper Phenolic Base—XP, XXP, XXXP; Glass 
Melamine—G5; Glass Silicone—G7; Glass Epoxy—G10, 
G1l. For complete infor- 
mation and the address of 
your nearest Panelyte dis- 
tributor, write Dept. ET- 
461, St. Regis Paper Co., 
150 E. 42nd St., N.Y., N.Y. 
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Texas Instruments 2N1907 devices provide: [| Guaranteed max thermal 
resistance — 0.5°C/watt...allowing highest power dissipation. [J Guaranteed 
AC beta of 2 @ 10mc...ideally suited for high power RF amplifiers. [Jj 
Typical switching time of 2.5 usec @ 5 amp...for high speed DC to DC 
converters in ultrasonic operations. [J Guaranteed min h,;, = 50 @ 5 amps 


and 10 @ 15 amps...reducing input current requirements. [J Guaranteed 
Vercsaty) 0.4v, Ic = 5.0a, I, = 0.5a... providing cooler device operation under 
saturated current condition. 


IMMEDIATELY AVAILABLE OFF-THE-SHELF FROM YOUR AUTHORIZED TI DISTRIBUTOR 
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company letterhead for Device Ic BVceo | Ip = —500 ma | @Ic =2.5a @ Ic = 15a 
this new application note 


SEMICONDUCTOR-COMPONENTS DIVISION 


Collector Current 
1-3-5-10-15-20-25 


Brea 


ac! 
TO-11 Stud Hex TO-3 10-36 


— TEXAS 1 INSTRUMENTS 


LIMITED INCORPORATED 
DALLAS ROAD « BEDFORD, Ss P. O. BOX SO1Z2 * DALLAS 22, TEXAS 
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a new look at hollow conductors 


Cross sections of some typical hollow copper conductors produced by Anaconda American Brass Company 


Anaconda makes conductors to meet new needs 
in fluid cooling of windings, bus, and heat sinks 


The high electrical and thermal conductivities of copper 
—the highest among commercial metals—are being uti- 
lized in fluid-cooled conductors to do a host of new jobs. 

Fluid-cooled copper conductors are making possible 
more compact electrical assemblies to handle high cur- 
rent densities and uses are growing rapidly in large elec- 
trical equipment. Generator output, for example, can 
be greatly increased, without increasing frame size, by 
cooling the stator bars. 

In such applications as heat sinks for power rectifiers 
and induction furnace coils—where controlled heat dis- 
sipation is essential—the use of fluid-cooled copper con- 
ductors is a natural. 

Water-cooled windings produce the very high flux 
densities needed in the compact equipment for the 
ceramic magnet manufacturing process. The current 
range in these “solenoids” is from a few hundred to 
about 2000 amperes. 

~* Of course, the most spectacular applications of fluid- 
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cooled conductors are in nuclear physics magnets. 
These hollow conductors range from tube .182” square 
O.D. x .083 square I.D. to heavy rectangular bars with 
a round core for water cooling. 

TECHNICAL ASSISTANCE. The cross sections of hollow con- 
ductors shown above indicate but a few of the many 
ways in which Anaconda American Brass is shaping 
copper to meet these new needs. Whatever your re- 
quirement, Anaconda specialists will gladly help you 
work out the size and shape best adapted to your needs. 
For such assistance, see your Anaconda American Brass 
representative, or write: Anaconda American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 


Ss eae 


COPPER PRODUCTS FOR THE ELECTRICAL INDUSTRY 
Anaconda American Brass Company 
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INDUSTRIAL 
(MTEL 


%  Thermo-Fax “FILMAC” READER-PRINTER 


AN AT THE HEART OF 


Time is of the essence in making sharp, crisp copies from microfilm. To assure prints up to the 
fullest quality potential of the THERMO-FAX “Filmac 100" Reader-Printer, Minnesota Mining and 
Manufacturing Company specified a time delay timer that would combine ultra-reliability, simplicity, 
and ease of operation at the right price. It was specially made by Industrial Timer Corporation to 
Minnesota Mining and Manufacturing’s specifications. 


INTERVAL TIMERS ; TIME DELAY TIMERS Wherever devices and industrial processes require the utmost in precise, reliable timing, chances 
<< co et cee coe ole coe ser ome ces oe ame eee are you'll find an Industrial Timer on the job! Send for illustrated literature describing our com- 
prehensive line of timers for every industrial application. 


MoustRi STAIAt 
INDUSTRIAL TIMER CORPORATION TIMER 


RUNNING RECYCLING TIMERS ; 1402 McCarter Highway, Newark 4, New Jersey 
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Welded tube seal pro- 
tects against the possi- 
bility of leaks 


Hermetic glass to metal seals 
on top tube and main hous- 
ing attochment stand up 
against thermal shock, cy- 
cling; provide low leakage 
current by eliminating elec- 
trical instability due to leaks 


Silicon pellet . . . highly effi- 
cient junction design pro- 
vides extremely low toon 
voltage drop 


Welded main seal 
eliminates housing 
leaks 


Thermal fatigue of internal soft solder joints has 
long been a major pitfall in rectifier design. Now, 
General Electric medium current silicon rectifiers 
beat the heat and highly cyclical loads with high 
melting point, hard solder joints that make ther- 
mal fatigue failures a thing of the past. 

The test units shown (minus housing and top 
lead) were set up to reach 180°C and drop to 
40°C during 3-minute “on” and 1-minute “off” 
cycles. After 900 thermal cycles the soft solder 
junction temperature rose to 191°C while the 
hard solder junction temperature peak remained 
at 180°C. At 1150 cycles the soft solder junction 


hermal Fatigue-the 


One piece terminal for 
dependable installation 


Molecular sieve is a 
“getter for long term 
stability 


joints 
‘atigue 


Hard solder 
eliminate thermal 
failures 


temperature reached 201°C, and by 1155 cycles it 
had skyrocketed to 240°C where the soft solder 
melted and the junction sandwich separated from 
the copper stud. 

In contrast, the hard solder junction tempera- 
ture peaks remained constant, unaffected by the 
highly cyclical load. In fact, General Electric 
hard solder junction silicon rectifiers have been 
tested to 70,000 temperature cycles from 35°C to 
200°C with absolutely no trace of thermal resist- 
ance deterioration. And hard solder joints are 
only one part of the inside story of G-E medium 
current silicon rectifiers. 


The two test units are shown here. Before the test they were identical 
in every respect, except that the unit on the left uses conventional tin- 
lead soft solder, while the unit on the right uses G-E hard solder joints. 
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Inside Story of General Electric 
Medium Current Silicon Rectifiers 


Medium Current Silicon Rectifier Cells 


JEDEC & Max loc x. Rev. | Max. Full 3 
GE Type Single co {full Load Volt- | Oper. 
DESIGNED FOR THE 2 TO 30 AMPERE RANGE... Munber ae | Phase by 


General Electric medium current silicon rectifiers @asore | @ 150°C | @ 150°C 
tu 

offer important extra advantages for your circuit Full Cycle 

Average 
Seana, INI341A 6A 3.0 ma 64V 
designs: 1N1342A 6A 2.5 ma .64V 
1N1343A 6A 2.25 ma .64V 
* * . es 1N1344A 6A 2.0 .64V 
@ high current operation with minimum space re- 101S48A oa 173 me “4a¥ 
; 1N1346A 6A 1.5 ma .64V 
quirements IN1347A 6A 1.25 ma .64V 
IN1348A 6A 1.0 ma .64V 
° e ° ° INTI99A 12A 3.0 .55V 

high junction temperature rating and extremely INT200A 128 ohan 55V 


a INT201A 12A 2.25 ma -55V 

low voltage drop and thermal impedance 1N1202A 124 2.0 ma 55V 
1N1203A 12A 1.75 ma .55V 

1N1204A 12A 1.5 ma -55V 


available with negative polarity (stud is anode) lev = aoe: ) ae 


@ 150°C @ 150°C |@ = Tt 
° ° ° ° Stud Stud eak 
transient PRV ratings mean safer application 1N248 10A 5.0 ma sv" 
1N249 10A 5.0 ma 1.5V* 
1N250 10A 5.0 ma la 


i i 1N248A 20A 5.0 ma 1.5V** 
may be mounted directly to chassis or fin, or co aA seam = 


may be electrically insulated from heat sink SeensOAt 20A 5.0 ma eum 
Stud 


using mica washer insulating kit provided @ 14sec | @ 145°C |Full Cycle 
Stud Stud Average 
1N2154 25A 5.0 ma 0.6V 


conservative ratings for maximum reliability wweatss 2A saa | oa 
Uma 5 


under all operating conditions 1N2157 25A 3.5ma | 0.6V 
1N2158tt 25A 3.0 ma 0.6V 
1N2159 25A 2.5 ma 0.6V 


all of these same rectifiers are available in a spnied 7 aeahuss — 
*@25A +B types available as SIGNAL CORPS units. 


wide range of rugged stack assemblies com- **@50A ttSignal Corps units available as USA 1N2135A. 
plete with cooling fins, connection terminals 
and mounting brackets. 


For complete information on General Electric thermal-fatigue free medium 
and high current silicon rectifiers, see your G-E Semiconductor District 
Sales Manager. For additional technical data, write Section 20D2, 
Rectifier Components Department, General Electric Company, Auburn, 
New York. In Canada: Canadian General Electric Company, 189 Dufferin 
St., Toronto, Ontario. Export: International General Electric Company, 
150 East 42nd Street, New York, N. Y. 


For fast delivery at factory-low prices in quantities up to 999, see your local G-E Distributor 
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New from Johns-Manville! 


Announcing... 


R-430 QUINORGO 


ELECTRICAL INSULATION 


A flexible asbestos sheet that provides 
long-term electrical stability ... at lower cost! 


THERMAL AGING TESTS PROVE R-430 QUINORGO 
RETAINS ITS LOW INITIAL A-C IMPEDANCE PROPERTIES! 


Here’s a great new insulation from Johns-Manville 
Research! It’s R-430 Quinorgo—a silicone-treated, 
glass-reinforced asbestos insulation that maintains 
excellent a-c impedance properties after 1680 hours 
at 300C. This superior class “H” insulation is a 
flexible sheet that combines all of the best proper- 





ties of highly purified asbestos fibers . . . glass fib- 
ers ...and silicone resins. 

Every fiber of R-430 Quinorgo is completely im- 
pregnated with heat-stable silicone resins to assure 
continued moisture resistance throughout the long 
life of this remarkable insulation. You can gain 
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Unretcuched photographs of wrapped bars after 1680 hours. Test results are presented below. 


optimum life for transformers 
and motors ...at lower costs 
than ever before! 

Available in rolls, tapes and 
cut sheets, R-430 Quinorgo has a 
nominal] 10-mil caliper. For data, 
ask for data sheet EL-113A. 

R-430 Quinorgo is the latest 
member of a whole family of eco- 
nomical, high-temperature insu- 
lations. They include Quinorgo 
Papers and Boards as well as 
completely inorganic Quin- 
terra® Papers and Boards, which 
for years have been successfully 
used in countless applications 
throughout the electrical indus- 
try. 

Get the complete story on both 
Quinorgo and Quinterra Electri- 
cal Insulations from your Johns- 
Manville Representative this 
week. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In 
Canada: Port Credit, Ont. Cable: 
Johnmanvil. 
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TYPICAL TEST RESULTS—R-430 QUINORGO (.012" THICK) 


| Power | Dielectric 
Factor | Constant 


Std. Condition, 75F, 50% RH 
Conditioned 16 hours and tested | 8.3% 


Std. Condition, 75F, 50% RH 
After 1680 hours @ 250C 


Humid Condition, 75F,91% RH 
Conditioned 16 hours and tested 


Humid Condition, 75F,91% RH 
After 1680 hours @ 250C 


PROPERTIES OF R-430 QUINORGO* 


Nominal Thickness 10 mils 
450 volts/mil 
Dielectric Constant 4.2 


Dielectric Strength 


Power Factor 8% 
Bursting Strength (Mullen) 140 psi 


Min. Machine Direction 65 Ibs./inch 
Breaking Load of width 


Approx. Weight .061 Ibs./sq. ft 


*All tests made after conditioning at 70F, 
% RH 


Power Dielectric 
Factor | Constant 


Std. Condition, 75F, 50% RH 
Conditioned 16 hours and tested 
Std. Condition, 75F, 50% RH 
After aging 1680 hours @ 300C 
Humid Condition, 75F,91% RH | 
Conditioned 16 hours and tested | 


Humid Condition, 75F,91% RH 
After aging 1680hours @300C | 14.1% 


IMPORTANT TAPE FACT! 


Johns-Manville . . . and Johns-Man- 
ville alone . . . makes every major 
type of electrical and industrial 
tape! Be sure you specify depend- 
able, top-quality J-M Dutch Brand 
Tape® next time you order! 


JOHNS -MANVILLE 


JOHNS-MANVILLE YU 
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This SYNCHRO offers 


temperature stability plus lightness 


This Size 8 Daystrom Transicoil 
synchro provides temperature 
stability without increasing 
weight. 

The encapsulated stator 
windings permit these units to be 
operated under severe environ- 
mental conditions. And, of great- 
est importance, in random sam- 
pling of Daystrom Transicoil Size 
8 synchros, error shift from room 
temperature has not exceeded 2 
minutes over the entire temper- 
ature range of —55C to +125C. 


Daystrom Transicoil Size 8 
“temperature stable” units are 


on 
& 
% 


ERROR CURVE 


~50°C 
ett aget* ee, 
Minutes ~ " 
of 


-) emmy 


+125°C 


Anqulor Dispiocement from Null 


0 15 30 45 60 75 90 105 120 135 ISO 165 


available as transmitters, differ- 
entials, control transformers and 
resolvers. Standard accuracy is 
+7 minutes, but 5-minute units 
are also available on special order. 

Data sheets and prints on 
the “temperature stable” Size 8 
synchro are available on request. 
And remember, too, Daystrom 


=, 
DAYSTROM , incorporated 


8 TRANSICOIL DIVISION 
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Transicoil makes a complete line 
of precision rotating components. 


Foreign: Daystrom International Di- 
vision, 100 Empire St., Newark 12, 
New Jersey. In Canada: Daystrom 
Ltd., 840 Caledonia Road, Toronto 
19, Ontario. Mid-West: Daystrom 
Incorporated, 905 W. Hillgrove Ave- 
nue, La Grange, Illinois. 


WORCESTER > MONTGOMERY COUNTY + PENNSYLVANIA 


Circle 151 on Inquiry Card > 





F 


“ 
4 


a 


Mohd vk's H:F coaxials, jacketed and insulated ~ 


"~ 


For community television distributing systems in any 
area, Mohawk H-F coaxials do a complete transmission 
job, from tower or relay station right into the living room. 
Tenite Polyethylene is used as jacketing and insulating 
material on these cables. It offers all-round high perform- 
ance which gives them long life, keeps line loss low, and 
permits ease in installation. 
~As a jacketing material, tough Tenite Polyethylene pro- 
vides excellent resistance to abrasion, weathering, mois- 
ture, and heat. Users can look forward to years of maxi- 
mim protection. 
As an insulating material, Tenite Polyethylene has a 
low power factor, which holds energy losses to a mnini- 


a 


é 


; ® Both natural and black electrical grade Tenite Polyethylene are 
ay ilable to.cable manufacturers as unique spherical pellets which 
ly. in the extrusion process and in “air-veying” bulk ship- 


with TENITE POLYETHYLENE 


mum. In these Mohawk cables, both solid and foamed 
Tenite Polyethylene are used for primary insulation... 
the foamed material having ch even lower dielectric 
constant than the solid, thus making possible a thinner 
insulation with a resulting decrease in cable weight. 

Linemen find that cable jacketed with lightweight 
Tenite Polyethylene is easy to handle and strip and is 
flexible even at sub-zero temperatures. 

There is a formulation of Tenite Polyethylene to meet 
the demahds of most insulating and jacketing applica- 
tions, For further information on this useful plastic, write 
EASTMAN CHEMICAL PropucTs, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 


a 


POLYETHYLENE 
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From General Ceramics Division of 
INDIANA GENERAL CORPORATION 


FOR FILTER NETWORKS — 
DELAY LINES 


Shell Mounting Bracket 
Nickel Silver 


48 Pitch Threaded 
Ferrite Tuning Slug 


internally Threaded Plastic 
Sleeve DuPont Delrin® 


Temperature Stable 
Ferramic Cup Core with 
Precision Ground Air Gap 


~~ DuPont Deirin® Bobbins in 1, 
2 or 3 Sections 


Mounting Base Plate 
Tin Plated Brass 


<> o°c 10°C 20°C 30°C 40°C 50°C 
+1.0 


+0.5 


0.5 


~1.0 
Typical Curve for a TC-1-03-250 Cup Core 


FERRAMIC® Cup Core Assemblies with Unmatched Stability 0° € to 50°C 


(International Series) 


Now, a complete line of in-stock cup core assemblies designed 
FEATURES THAT PAY OFF IN for electronic coil applications requiring inductance and 


Ree ee LOST permeability having exacting temperature stability and linearity. 
®@ Seven sizes from stock .599” to 1.425” O.D. 


® Frequencies — 1KC to 1MC The high “Q” factor exhibited by these temperature compen- 
¢"Q” values to 750 sated cup cores is engineered to meet the most rigid coil 


® Standard Gapped Inductance Values 40 to 37 i 
ee aS design requirements. 


© Extreme temperature stability TC permeability stable units combine optimum operating 
© Trimmer for minimum of 12% adjustment performance in the smallest possible space providing com- 
2 EEE SaEENY Conte plete design flexibility at low cost. 


For exact recommendations and fast off-the-shelf deliveries, 


Orvisron of write, wire or phone today — ask for Bulletin 28. 
INDIANA ° 


r--4 GENERAL CERAMICS 


Phone VAlley 6-5100 * Direct Distance Dialing Code 201 
Cansnas. KEASBEY, NEW JERSEY, U.S.A. 


TECHMHICAL CERAMICS, FERRITES AND MEMORY PRODBUCTS 
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Motorola Power Transistor Applications Assistance 


If you are working with high-voltage cir- 
cuits you'll find a new report, prepared 
by Motorola applications engineers, of 
special interest. 


It reviews the use of power transistors in 
high-voltage circuits and suggests appli- 
cation methods that could result in sub- 
stantial cost reductions. In addition, the 
techniques outlined in this report can 
greatly improve circuit reliability and help 
simplify procurement problems. Titled 
“How to Design Economical High-Volt- 
age Circuits,” this applications brochure 
is yours for the asking. 


For your copy simply contact your Motorola 
district office, Motorola distributor, or write: 
Motorola Semiconductor Products Inc., Tech- 
nical Information Department, 5005 East 
McDowell Road, Phoenix 10, Arizona. 


MOTOROLA DISTRICT OFFICES: 

Belmont, Mass / Burlingame, Calif / Chicago / Clifton, N. J. / Dallas 
Dayton / Detroit / Glenside, Pa / Hollywood / Minneapolis / Orlando, Fla 
Silver Spring, Md / Syracuse / Toronto, Canada 
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MOTOROLA IS YOUR MOST COMPLETE 
POWER TRANSISTOR SOURCE 


You can achieve marked improvement in ail 
your circuits by utilizing the wide selection of 
field-proven power transistors available from 
Motorola. Whatever your specific requirements, 
you'll find a standard Motorola unit that meets 
your needs. 


® Both T0-3 and T0-36 packages ® 90 and 150 watts 
power dissipation @ 0.8°C/W and 0.5°C/W maximum 
thermal resistance @ 100°C continuous junction tem- 
perature @ current ratings of 3, 5, 10, 15 and 25 amps 
® collector voltages to 120 volts @ variety of gain 
voltage combinations @ 6 mil-types @ “Meg-A-Life’’ 
mil-quality industrial units 


For fast delivery in any quantity, call your 
nearby Motorola distributor or your Motorola 
district office. 


MOTOROLA 


Semiconductor Products inc. 


A SUBSIDIARY OF MOTOROLA, INC. 


5005 EAST McDOWELL ROAD ¢ PHOENIX 10, ARIZONA 
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Elacticoh 


Now is the time for all good’manufacturers to lower lettering costs. 


Shove Harduram 


Now is the time for all good’manufacturers to lower lettering costs. 


Now. with BEETLE® urea plastic, you can mold in multi-colored lettered 
decorations—and save on production costs! By incorporating a resin-im- 
pregnated foil during the molding of keys, dials, levers and knobs, you 
avoid costly after-decoration. There’s no scoring, no painting, no silk-screen- 
ing. The pattern is part of the molded Beetle plastic. It won’t chip off, scratch 
off or wear off. And you still enjoy these proven Beetle plastic advantages: 
hard, lustrous surfaces; resistance to detergents, oils and grease: good 
electrical properties: heat resistance; unlimited range of color possibilities. 


P.S. Now is the time for all good BUSINESS MACHINE MANUFACTURERS 
to look into BEETLE for lettered decoration. 


“i 


AMERICAN CYANAMID COMPANY 
Wallingford, Connecticut. Offices in: 


CYAN ANTI YD 
Boston + Charlotte 
* Minneapolis » New York + Oakland + Philadelphia 


« St. Louis « 
72 


> PLASTICS AND RESINS DIVISION 
+ Chicago + Cincinnati + Cleveland + Dailas 


* Detroit + Los Angeles 
Seattie + In Canada: CYANAMID OF CANADA LIMITED, Montreal 


* Toronto 
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EASY INSTALLATION on a standard operator is pos- 
sible because blocks are interchangeable. Two cap- 
tive screws fit into internally threaded screwheads 
of previous unit to hold block assemblies securely. 


NEW 


Shallow Contact Blocks for 
General Electric Heavy Duty 
Oil-tight Push Buttons 


Actual size 


® BUY ONLY THE CIRCUITS YOU NEED 

© CONTROL UP TO 8 CIRCUITS IN ANY 
COMBINATION OF NO-NC 

@ SAVE BACK-OF-PANEL SPACE 


It is no longer necessary to pay for unused circuits in oil-tight 
push buttons. And you are no longer limited to a maximum of 
four normally open—four normally closed circuits. 

General Electric’s new shallow contact block offers you the 

savings and flexibility of “single-circuit” design. Separate normally 
open and normally closed blocks are available and up to eight 
blocks may be mounted with a standard operator. You can buy 
only the circuits you need in any combination—even eight NO or 
eight NC. 
Nearly one inch shorter than conventional contact blocks, the new 
shallow block saves important back-of-panel space. Four blocks 
(four separate circuits) take up no more back-of-panel depth 
than a conventional two-circuit block. 

Shallow contact blocks are designed for use with standard 
General Electric oil-tight operators. Since the new block is offered 
in addition to G.E.’s standard block, and is interchangeable with 
it, you now get even greater flexibility with the G-E oil-tight push- 
button line. 

Call your nearby G-E Sales Engineer for more information, or 
write for publication GEA-7320 to Sect. 811-24, General Electric 
Co., Schenectady, N. Y. 


You get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 
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You get MORE THAN A MOTOR with 


General Electric’s Form G...for example... 


Years Ahead 
Design 
Leadership 


Form G leadership among fhp motors isn’t acci- 
dental. We work hard at it, constantly improving, 
constantly innovating. We’ve found it’s the best way 
to help our customers keep ahead of the changing 
demand in their industries. It’s good business on 
our part. It’s good business on your part too... to 
make sure you get the advantages a years-ahead 
motor can offer your product. 

In addition to design leadership, you get these 
MORE THAN A MOTOR benefits with General 
Electric Form G motors: Ease of Assembly ... Expert 
Application Aid ... On-time Delivery ... Versatility 
Personified ... Fast, Local Service. 





THESE YEARS-AHEAD FORM G MOTOR FEATURES 
MEAN LONG LIFE, RELIABLE PERFORMANCE 


1. RELIABLE SWITCH — Centrifugally-operated 
switch has been life-tested to last for more 
than 3,500,000 operations. Dependable switch 


mechanism operates with positive snap action. 


3. RUST-RESISTANT SHAFT—Special gunmetal- 
like treatment of motor shaft resists rust and 
corrosion, simplifies product service. Fans, 


pulleys, and couplings are easy to remove. 


5. THRUST PROTECTION—Interlocking washer 
assembly withstands normal thrust from any 
direction, regardless of motor angle; also acts 


as an oil seal for long motor life. 


* Reg. Trademark of Du Pont Co. 


2. LONG-LIFE STATOR—Heavy-duty stator 
bonding dip and Mylar* insulation protect 
against damage caused by heat, stress, mois- 
ture. Stator clamps provide additional rigidity. 


4. LONG-LIFE LUBRICATION—Over 50% more 
oil than in old-design motors and an efficient 
oil retention system contribute to motor’s 


doubled lubrication life; cut maintenance. 


6. COMPLETE LINE—Over 850 basic models 
—and literally thousands of variations—mean 
there’s a standard Form G motor to meet your 


product’s exact requirements. 


You receive these added values at no extra cost. 
So why settle for less? 


Form G fhp motors are available in NEMA 48 


and 56 frames. For more information, call your G-E 
Sales Engineer or write for bulletin GEA-6424 to Sec- 
tion 721-06, General Electric Co., Schenectady 5, N. Y. 
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Powerlytic* Capacitors are packed with capacitance! 


Designed specifically for applications requiring 
maximum Capacitance in small physical size, Sprague 
Type 36D Aluminum Electrolytics find wide use in 
power supplies for digital computers, industrial con- 
trols, high-gain amplifiers, and allied equipment. 
Furnished in case sizes ranging from 1%" dia. x 
2%" long to 3" dia. x 4%" long, Powerlytic Capacitors 
are available with capacitances which were previously 
impossible to obtain in the various Case sizes. 


Engineered for 65 C Operation 

In Powerlytics, Sprague’s many years of research, 
design, and production experience have produced a 
capacitor which allows the equipment designer maxi- 
mum space economy for operating temperatures up to 
65 C. This encompasses the great majority of applica- 
tions in transistorized digital equipment and similar 
apparatus. 


Outstanding Performance Characteristics 

Powerlytic Capacitors have not only low ESR and 
low leakage currents but offer extremely long shelf 
life as well. Furthermore, they have the ability to 
withstand unusually high ripple currents. 


Superier Seal and Safety Vents 


Type 36D Powerlytics use the most reliable seal that 
Sprague has developed for aluminum electrolytic 


“trademark 


SPRAGUE COMPONENTS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


CAPACITORS 
TRANSISTORS 
MAGNETIC COMPONENTS 
RESISTORS 
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HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
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capacitors. This consists of crimping a beaded alu- 
minum can onto a rubber gasket recessed in a rigid 
molded cover. Pressure-type safety vents employing 
silicone rubber are used on all case covers. 


Choice of Terminal and Insulating Tube Styles 

Tapped terminal inserts, often preferred for strap 
or bus bar connections, are available as well as solder 
lug terminals for use with permanently wired con- 
nections. In addition to the standard bare case, Power- 
lytic Capacitors may also be obtained with a new 
clear skin-tight plastic tube which adds very little to 
the bare case dimensions. They are also available with 
a Kraftboard tube. 
Broad Range of Standard Ratings 

Sprague’s standard line of Powerlytic Capacitors 
includes 183 ratings covering capacitance values from 
45 to 150,000 uF, in voltages from 3 to 450 WVDC. 
Each rating is the maximum capacitance available 
for a given case size. 


e a e 
For complete technical data on Type 36D Powerlytic 
Capacitors, write for Engineering Bulletin 3431 to 


Technical Literature Section, Sprague Electric Company, 
307 Marshall Street, North Adams, Massachusetts. 


Sa 


THE MARK OF RELIABILITY 


‘Sprague’ and '@' are registered trademarks of the Sprague Electric Co 
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The Spectrum of Engineering— 


NO EQUIPMENT OR SYSTEMS engineer can afford 
to take an attitude of intellectual aloofness (even 
though subjective) to the physical attributes of 
design. But in our current commendable eager- 
ness to acquire new areas of learning in the 
fundamental sciences we incur the risk of falling 
into this attitude. We may fail to integrate fun- 
damental knowledge with the hard, even harsh, 
facts of practical engineering life. 

It is not enough, for example, to translate a 
complex mathematical equation into a design 
function: this function has to be articulated into 
a viable structure; it has to be made adaptable 
to the processes and conditions of fabrication; 
ultimately it has to have the capacity to endure 
and survive the stresses of both imposed and 
natural environmental forces. 

Or, to cite another example, it would not be 
enough to apply some facet of physical chem- 
istry to a design problem without being pre- 
pared to integrate the results with the logical 
requirements of engineering practice. All the 
elegance of a molecularly engineered electronic 
“block” would be dissipated unless the block 
can be produced with reliability, with economy, 
and is controlled by realistic methods for life 
testing. 

In short, there is no real engineering distinc- 
tion between the use of a mathematical formula, 
or of some aspect of the physical sciences, and 
the engineering use of even a relatively simple 
material or component in the equipment being 
designed. 


This is not to say that all design activities 


and responsibilities should be merged into an 
indiscriminate uniformity. Far from it. Individ- 
ual activities necessarily must remain clearly 
delineated. But they must be so delineated within 
an integrated totality. This totality of equip- 
ment and design engineering may be best com- 
pared to a spectrum —true enough, a broad 
spectrum—of different bandwidths and differ- 
ent intensities, with a continuum of purpose and 
significance. 

Engineering educators, as might be expected, 
are particularly concerned with the implications 
of the problem stated here. Faced with the task 
and responsibility of educating our “new” engi- 
neer, they must strike realistic compromises be- 
tween the theoretical and the practical. As quoted 
in a current article on this subject in The New 
York Times, MIT President Julius A. Stratton 
says we must know how to “balance theory with 
experiment” and how to “couple purpose with 
technical competence.” And he raises a warning 
signal: “. . . while it is clear that the bonds 
between engineering and science are growing 
tighter, we could make no more disastrous error 
than an attempt to recreate the engineer in the 
image of the scientist. The engineer is concerned 
with means as well as use and purpose; with 
ideas of design, cost and reliability that are 
largely alien to the scientist.” 
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SESUPERCONDUCTIVE CIRCUITS 
for Computing Machines 


Gain and time constants of wire-wound and 
film-type cryotrons are compared. Cross- 
film types function as logic circuit elements. 
Because the cost and bulk of deposited 
crossed-film cryotrons is considerably below 
that of transistors and they dissipate only 
about 1/1000 that of transistor energy, their 
use in extremely compact digital computer 


systems of high speed is foreseen. 


Vv. L. NEWHOUSE 
Generat Evectric ResearcH LABORATORY 
Schenectady, N. Y. 


In most electronic digital computing machines, transistors 
or vacuum tubes are used for amplification and switching, 
and magnetic cores for random-access storage. Although 
many problems of real-time computation could be handled 
by a computing machine of conventional size (with kilo- 
megacycle clock rates) or of conventional speed (with many 
millions of switching and storage elements), neither the 
required clock rates nor the required number of elements 
make processing of such problems practical. It: would also 
be desirable to build computing machines containing mil- 
lions of components per cubic foot, rather than hundreds 
per cubic foot, as current computing machines do. 


Resistivity —— 


Absolute temperature, deg K 
—_—_—_—_—S 


Fig. 1— Variation of resistivity with temperature for a non- 
superconducting metal. 
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The superconductive switching elements described in this 
article will make it feasible to build compact computing 
machines containing millions of switching elements, be- 
cause (1) the production and assembly cost of such ele- 
ments is considerably below that of transistor elements, and 
(2) superconductive elements dissipate only about 1/1000 
of the energy dissipated by transistors. Thus, computing 
systems containing millions of elements will be relatively 
inexpensive and compact. Yet another advantage of super- 
conductive elements is their fast switching speed (a fraction 
of a milli-microsecond in some cases), which makes them 
desirable elements for large-capacity random-access storage 
devices for kilomegacycle computing machines. Supercon- 
ductive elements will thus contribute to improved perform- 
ance of computing machines by making more complex and 
faster devices possible. 

The use of superconductive elements in computing ma- 
chines was probably suggested for the first time by the 
late John von Neuman, and a superconducting switching 
device was mentioned in the scientific literature (probably ) 
for the first time in 1935 by Casmir-Jonker and de Haas 
(1),* who described two devices used for switching and 
storing currents in experiments with superconducting alloys. 
In 1956, the late Dudley Buck of MIT published a paper 
(2) on the superconductive switching device which he called 
the wire-wound cryotron. As we shall discuss in this article, 
there is a distinction between the wire-wound cryotron 
(WWC) and the crossed-film cryotron (CFC). 

Widespread effort by a number of workers in the field 
led to the development of cryogenic devices which can be 
formed on a flat surface. Crowe (3) and Crittenden (4). 
for example, have published descriptions of superconductive 
films used for digital storage devices. A flat-film switching 
and amplifying device was developed at the General Electric 
laboratory; this was called the crossed-film cryotron. (5, 6) 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. 2— Variation of resistivity with temperature for a super- 
conductor. 
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Similar devices have been described by Brennemann (7), 
and by Smallman, Slade and Cohen. (8) The crossed-film 
cryotron promises to make multi-million-element computing 
machines and kilomegacycle storage devices possible, be- 
cause (1) it can be deposited in large arrays together with 
its connecting circuitry on a flat plate in at few simple 
steps; and (2) it can be switched from the superconducting 
to the normal] state in a fraction of a milli-microsecond. 


Superconductivity in Bulk Materials 


e Resistance Variation with Temperature. The variation 
with temperature of the resistivity of a non-superconductive 
metal, such as copper, is shown in Fig 1. At room tempera- 
ture, the resistivity is determined by the thermal oscillations 
of the metal lattice. With decreasing temperature, these oscil- 
lations decrease and consequently the resistivity decreases. 
Below temperatures of about 10 K, the resistivity becomes 
independent of temperature and is called the residual re- 
sistivity, which depends upon strains and impurities in the 
metal and may be reduced by purification and annealing. 
The resistivity of a perfectly pure, single crystal of a non- 
superconductive element would vanish at absolute zero tem- 
perature, as shown by the broken line in Fig. 1. The be- 
havior of a superconducting element, or alloy, is startlingly 
different, as shown in Fig. 2, which illustrates the variation 
of resistivity with temperature for a superconductor at a 
temperature close to absolute zero. Below the so-called criti- 
cal temperature, T, the resistivity becomes, for all practical 
purposes, zero. For mechanically soft superconductors such 
as tin, lead and indium, this phenomenon (and all the other 
superconducting phenomena to be described) is largely in- 
dependent of material purity, grain size, etc., in great con- 
trast to the use of the semiconductor materials. (In trans- 
istors, for example, an impurity of even a few parts per 
million can ruin device performance, and all the active ma- 
terial has to be in the form of a single crystal.) 

e Resistance Variation with Magnetic Field. The resist- 
ance of a superconductor in the superconducting state is 
restored in the presence of a magnetic field greater than 
the critical value, H,. The variation of H, with temperature 
for a number of elements of importance in engineering is 
shown in Fig. 3. Near absolute zero, the critical fields ap- 
proach a constant value. Near the critical temperature, 
dH ,/dT = 100 gauss/deg K for the “soft” superconductors, 
and above 7, the critical field is zero by definition. The 
restoration of resistance in a tin wire due to a magnetic 
field is shown in Fig. 4. There is no hysteresis and the width 
of the superconducting-to-normal transition is in the order 
of 1 per cent of H,. (This is similar to the temperature- 
induced superconducting-to-normal transition shown in Fig. 
2.) In general, the field- and temperature-induced transitions 
of solid (as opposed to hollow) superconductors of the 
“soft” variety show no hysteresis and are narrow compared 
to the critical field and temperature, respectively. 

e The Meissner Effect. The fact that there is no hysteresis 
in the field-induced transition is one consequence of the 
Meissner effect—namely, that superconductors exclude mag- 
netic fields of less than the critical value. In other words, 
when the temperature of a superconductor in a magnetic 
field is lowered so that it becomes superconducting, the in- 
ternal field drops to zero except in a region close to the 
surface. 

e Penetration Depth. If the field outside a semi-infinite 
superconductor is H,, then at a point inside, and at a dis- 
tance x from the surface, the field is 

H = H, exp (—x/A) 
where \ is a constant of the material which can be regarded 
as a function of the mass and concentration of the super- 
conducting portion of the electrons. It approaches infinity 
at the critical temperature and falls to a constant value 
\, at absolute zero. For tin and lead, 4, ~ 5.10-® cm. 
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Since the magnetic field inside a superconductor decays 
exponentially with distance from the surface, the same must 
hold true for the current density in a current-carrying super- 
conductor. In a current-carrying wire, for instance, the cur- 
rent is distributed uniformly in a thin layer (approximately 
3) next to the surface. 

e Current-Induced Transition in Wires. The magnetic 
field at a distance x from the axis of an infinite wire carry- 
ing a uniformly distributed current J] is given by 


H = 2I/z 


Hence the surface field for a wire of radius r is 


H = 2I/r (1) 


Equation (1) also applies to the surface field of a super- 
conducting wire, because in such a wire the current is uni- 
formly distributed in a surface layer. A superconducting- 
to-normal transition should occur when the surface field 
reaches the critical field; i.e., from Eq (1) for a current J, 
in such a way that 


(2) 


This is known as Silsbee’s rule, which is obeyed for very 
carefully annealed wires. In practice, the critical current 
of an unannealed wire is approximately 50 per cent of 
the ideal value. 
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Fig. 3 — Variation of critical field with temperature for some 
common superconductors. 


20 40 60 
Magnetic field, oersteds 
—— 
Fig. 4 — Magnetic-field induced transition for polycrystalline tin 
wire. 
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Fig. 5 — Wire-wound cryotron (schematic). 
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Fig. 6— Control characteristics of a tantalum-niobium wire- 
wound eryotron. 


The Wire-Wound Cryotron 


The wire-wound cryotron (WWC) (2, 9) is shown sche- 
matically in Fig. 5; it consists of a gate wire surrounded 
by an insulated control coil. The gate wire is normally super- 
conducting, but can be made normally resistive by the mag- 
netic field created by passing a current through the control 
coil. Buck’s first cryotrons were operated at 4.2 K, the 
boiling temperature of helium at atmospheric pressure. The 
gates were made of tantalum and the coils of niobium. 
Since 4.2 K is just below the critical temperature of tanta- 
lum and well below the critical temperature of niobium, the 
control-coil field required to make the gate normal is far 
less than the critical field of the control-coil material itself; 
thus, the control coil remains superconducting throughout. 
The combination of control and gate currents required to 
cause the gate wire to become normal is shown in Fig. 6. 
The intercept of the curve with the ordinate corresponds 
to the critical gate current. The intercept with the abscissa 
is the minimum control current, /,, required to cause the 
gate to become normal in the absence of gate current and 
is calculated in Eq (6) below. For combinations of gate and 
control currents corresponding to points between the curve 
and the origin, the cryotron gate wire is superconducting; 
for points outside the region it is normal. 

e Cryotron Gain. Cryotron gain can best be defined in 
connection with the circuit illustrated in Fig. 7. In Fig. 7(a), 


Cryotron Defined 
The IRE Sub-committee on Superconductive Devices 
has proposed that the term “cryotron” be applied to 
all superconductive four-terminal devices in which a 
magnetic field, produced by passing a current through 


two input terminals, controls the superconducting-to- 
normal transition, and thereby the resistance, between 
the two output terminals. 


a current, J, is shown flowing through the gate wire of an 
inactivated cryotron. In Fig. 7(b), a control current, J, is 
shown to have been applied to the cryotron; current J has 
been directed through the (superconducting) load. The 
current gain, G, of this cryotron will be defined as 


G=J/I 


Clearly, J must not be greater than /,, the critical gate cur- 
rent, since otherwise a part of J would have been directed 
through the load even in the absence of control current. 
Also, J must not be smaller than /,, the critical control cur- 
rent defined in connection with Fig. 6. Hence, the maximum 
gain of a WWC is given by 


G = I1./I¢ (3) 


From Eq (2) we find that the critical current, /,, for a 
cryotron gate of diameter 2r is given by 


I, = krH,/2 (4) 


where & is a factor of value between 0.25 and 1, and ac- 
counts for the fact that the critical current of an unannealed 
gate wire is not as high as suggested by Silsbee’s rule. 

To calculate the critical gate current we use the well- 
known equation for the field H inside a one-layer solenoid 
close-wound with wire of radius s carrying current J— 
namely, 


H = 2xI/s (5) 
which gives the critical grid current as 
Ig = H-s/24 (6) 


From Eqs (3), (4), and (6) we finally obtain the gain 


of the WWC as 
G = xkr/s (7) 


e Time Constant. Two factors have to be considered in 
estimating the operating speed of cryotron circuits. The first 
is the actual switching speed of the device itself; the second 
factor is the L/R time constant of the circuit. The switching 
speed of the cryotron is limited by eddy currents induced 
in the gate wire. It can be calculated that the eddy-current- 
decay time constant is much shorter than the L/R time 
constant of cryotron circuits and it is therefore the latter 
factor which determines the operating speed. To determine 
the operating speed of cryotron circuits we again use the 
circuit shown in Fig. 7. If the gate resistance of the cryo- 
tron in that circuit is R (in the presence of a control cur- 
rent) and if the inductance of the superconducting load is 
L, then the electrical time constant 7 of the circuit is L/R. 
We obtain a useful figure of merit for the cryotron if we 
consider the load to be the control coil of another similar 
cryotron. In that case, 


7 =L/R (8) 


where L is the control-coil inductance per unit length and 
R is the gate-wire resistance per unit length. 

We now substitute for L and R in Eq (8) in order to 
obtain + in terms of cryotron dimensions and material 
properties. The inductance per unit length of a single-layer, 
close-wound control coil of area A is known to be 


L, = 


= < 10~ henries (9) 


s 
where s is the coil-wire radius. The resistance per unit 
length of the gate wire of radius r and resistivity p is 
p 

? = 

E - (10) 
Substituting for LZ and R from Eqs (9) and (10) into Eq 
(8), we finally obtain the circuit time-constant of one WWC 
driving another: 
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mA (+) x 107° sec 
p s 


Substituting for the gate wire area, A, we obtain 


(4) x 107 se (11) 
p $ 


To demonstrate that we can improve the gain at the 
expense of increasing the time constant, just as in other 
amplifiers, we substitute for r/s in Eq (9) from Eq (7). 
This gives 

G 


——== 10 
p TR 


=x *" G2 x 107 sex (12) 
pk? 

Equation (12) shows that. instead of the conventional gain- 
bandwidth product. we have here a (gain) *-bandwidth prod- 
uct, which ensures that the operating speed of cryotron 
series circuits [as shown in Fig. 8(a)] is the same as that 
of parallel circuits [as shown in Fig. 8(b)]. This can be 
seen from the following argument: the input inductance of 
the three cryotron coils driven in series is 9 times larger 
than the input inductance of the three parallel cryotrons. 
However, the gain of the series-input cryotrons need be 
only 4% of the gain of the parallel-input cryotron. Since, 
accerding to Eq (12). the circuit time constant varies as 
the square of the gain, the 9:1 ratio of inductance in the 
two circuits is cancelled out by the 1:3 ratio in required 
gain of the driving cryotron. Furthermore, Eq (12) shows 
that WWC operating speed can be increased by reducing 
the gate-wire radius, r, provided that the control-wire radius, 
s, is reduced in proportion. (We shall show below that this 
is not the case for the crossed-film eryotron). 

To obtain an estimate of practical operating speed, we 
shall assume a WWC with a gain of 2 and a gate-wire 
radius of 0.3 mm. For a tantalum gate wire. we may assume 
p to be 0.5 & 10° ohm-cm, and k to be equal to 14. Sub- 
stituting these values into Eq (10), we find that 7 = 100 
psec. For a similar WWC with a gate wire of tin, the re- 
sistivity is about ten times smaller, so that the time constant 
is of the order of 1 psec. (In spite of the lower operating 
speed, tin may be preferred over tantalum as a gate-wire 
material because solder contacts to tantalum are difficult 
to make.) 

It should be possible, for the following reasons, to increase 


Superconductive 
oad 


(a) 


Fig. 7 — Basie cryotron circuit. 
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Fig. 8 — Series and parallel modes of cryotron operation. 
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the operating speed of a WWC greatly by replacing the 
solid gate wire by a metal film deposited on an insulating 
cylinder: when the gate wire is superconducting, the gate 
current flows in a narrow shell close to the surface. Hence, 
the center of the gate wire could be removed without affect- 
ing the superconducting behavior adversely. When the gate 
wire is normal, its resistance would be greatly increased 
by removing the central region because of the reduction of 
the cross-sectional area. This increase in resistance would 
then increase the circuit operating speed proportionately. 


Superconductivity in Films 


e Critical Field. For a bulk superconductor, the critical 
field is a function of the temperature and of the material 
of the superconductor only. However, as the thickness of 
a superconducting film is reduced until it becomes compar- 
able to the penetration depth A, its critical field, Hp, starts 
to rise above the bulk value. H.. For a film of thickness d, 
where d is large compared with A, the behavior of the 
critical field is expressed approximately by the formula 
Hy, = H,(1 A/d). Its variation with film thickness and 
temperature is shown schematically in Fig. 9. Since d be- 
comes infinite as T—>T,, a film may be thicker than \ at 
low temperatures and thinner at temperatures close to T,. 
The dependence of critical field on thickness allows the 
edges of flat films to exert a pronounced broadening effect 
on the field-induced transition. 

Consider. for instance, the film shown in Fig. 10(a), where 
contacts a and b are used for the (small) measuring cur- 
rent. and c and d for voltage measurement. If the film is 
subjected to an increasing magnetic field parallel to its 
length, its central portion will go normal at a field cor- 
responding to the mean film thickness. However, the thin 
edges of the film go normal at much higher fields. This 
leads to the broad type of transition [geometry (a)] shown 
in Fig. 10(c). 

With a film geometry as shown in Fig. 10(b), however, 
the film edges can no longer act as a low-resistance path 
once the central film region surrounding the potential 
measuring points c and d has gone normal. Hence, a film 
with this geometry gives rise to the sharp transition shown 
at (b) in Fig. 10(c). The same behavior is shown by a 
film in the shape of a cylinder, because there are no film 
edges parallel to the current flow. 

It has recently been shown by Caswell (12) that the 
transition broadening effect of the edges of a flat film is 


Temperature ——» 


Fig. 9 — Variation of film-critical field to bulk-critical field ratio 
with temperature and thickness: H, is film critical field, H, is 
bulk field, d is film thickness, \9 is penetration depth at absolute 
zero. 
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due not only to the fact that the edges are thinner than 
the body of the film, but also to the fact that gaseous im- 
purities in the metal tend to aggregate near the edges. It 
is therefore possible to produce a narrowing of the field- 
induced transition in a flat film by mechanically cutting 
or chemically etching a slice off each edge. A similar effect 
can be produced by heating up the substrate during the 
initial film deposition, because this leads to an agglomeration 
of the material in the edge region. (13) These techniques 
have been mentioned because, as shown below, the breadth 
of the field-induced transition affects the crossed-film cryotron 
(CFC) characteristics. 

e Critical Current. As the current through a supercon- 
ducting wire is increased above the critical value, resistance 
appears and rises very sharply to its full value. In contrast, 
as shown in Fig. 11, the current-induced transition in thin 
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Fig. 10 — Dependence of field-induced transition on specimen 
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Fig. 11 — Current-induced transition in 0.3-micron-thick tin film 
in the absence of joule heating. 
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Fig. 12 — Variation of critical current with temperature for a 
0.06-micron-thick, 60-micron-wide tin film. [After Crittenden, 
et al. (4)] 
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tims is very broad. (/U) At a given temperature, the para- 
meter of engineering importance is the current at which 
resistance appears, called the critical current, I,. The varia- 
tion of 7, with temperature is somewhat similar to the 
variation of the critical field with temperature (see Fig. 3), 
and is plotted in Fig. 12. Close to T,, J, varies approxi- 
mately linearly with temperature and film thitkness, and 
is accurately proportional to film width. Hence, for a film 
of width W”, we may write 


I. = j.W (13) 


where j, is a function of temperature, film thickness, and 
film properties. 

In a solid wire, Silsbee’s rule tells us that the surface 
field H, associated with the critical current is equal to the 
critical field—i.e., for a wire that is thick compared to the 
penetration depth, H, — H,. However, for a film thin 
enough to become comparable to the penetration depth, the 
critical field Hy, rises above the bulk critical field H,, and 
the critical-current surface field* H, falls below it; ie., 
for a “thin” film, 


Hr > H. 
and 


H, < H. 


Since \ decreases with temperature, it is to be expected 
that H, and H, should tend toward their bulk value with 
decreasing temperature; in other words, the ratio H,/H, 
should increase toward unity with decreasing temperature. 
This is found to be true. 

If resistance is restored to a superconducting film by 
means of a slowly increasing current rather than by a 
narrow pulse current (as for the curves shown in Fig. 11), 
joule heating becomes important and the transition curve 
changes to the shape shown in Fig. 13. The broken-line 
curve is a pulsed-current curve, as in Fig. 11. The two 
curves overlap in the “toe” region of the d-c curve because 
the film resistance is so small in this region that joule heat- 
ing is unimportant. As the current through the film is in- 
creased further, however, the film begins to heat up. This 
increases its resistance, which causes it to heat up further. 
Finally, a “snap” transition occurs which stops when the 
film is completely normal—i.e., when its resistance is no 
longer a strongly varying function of temperature. The film 
is now in a state of relatively high heat dissipation; to 
return it to the superconductive state, the current through 
it has to be reduced considerably. This is the reason for 
the large hysteresis shown in Fig. 13. 

e Thermal Propagation. The shape of the curve in Fig. 
13 suggests its use as a storage element. J. W. Bremer and 
I showed several years ago that not only can such a film 
be used as a storage element, but it can be triggered from 
a low-resistance to a high-resistance state. (1]) Such a 
device, shown in Fig. 14, typically consists of a wide tin 
film crossed by an insulated control film, or wire, of lead; 
both are deposited on an insulating substrate—for example, 
glass. The device is operated at a temperature just below 
the critical temperature of tin and far below that of lead, 
so that the lead control and the lead contacts on the end 
of the tin film remain superconducting. If a large enough 
current is passed through the control, a portion of the tin 
film underneath becomes resistive due to the effect of the 
magnetic field of the control current, as shown schematically 
in Fig. 15(a). Clearly, the temperature of the tin film re- 
mains at the bath temperature 7, as shown in Fig. 15(b). 
If a current is now passed through the tin film from M to 
N (see Fig. 14), joule heat will be developed in the resistive 
region of the tin under the control, with a consequent rise in 
*In the case of a wire, the surface field is uniform over the surface, but for a 
flat film it is non-uniform, being highest near the edges. Hence, for a flat 


film of width W, we define the surface field in terms of the mean critical 
current, je. 
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Fig. 13 — Current-induced transition in a film under the influ- 
ence of joule heating. 
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Fig. 14 — The crossed-film cryotron (CFC). 





Fig. 16— Current and voltage waveforms illustrating thermal 
propagation, where I, is the current through the tin film shown 
in Fig. 15, ly is the current through the transverse leading 
nucleating film, and V is the voltage across the tin film. 
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Fig. 15 — (a) Cross section of tin film covered by a magnetically 
induced resistive channel; (b) temperature distribution along 
the film in the absence of current through it; (c) temperature 
rise due to joule heating in the resistive channel as current is 
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temperature, as shown in Fig. 15(c). If the rise in tempera- 
ture is high enough, the resistive region of the tin film will 
grow in size, which will lead to further joule heating. Eventu- 
ally, the resistive region of the film starts to propagate spon- 
taneously at a speed depending upon the joule heat de- 
veloped and the thermal diffusivity of the substrate. Propa- 
gation speeds of between 20 cm/sec (J1) and 10’ cm/sec 
(14) can be obtained by varying these two factors. 

The thermal propagation of the normal regions can be 
observed by displaying the voltage across the tin film on a 
cathode-ray oscilloscope. using two extra contacts (Q and 
X in Fig. 14). The types of waveforms observed are shown 
schematically in Fig. 16, where I, is the propagation current 
through the tin film (which, for this experiment, is applied 
as a pulse), /y is the nucleating current (a much shorter 
pulse passed through the control), and V is the voltage 
across the tin film. 

Before the nucleation pulse starts, the voltage across the 
tin film is zero, since the magnitude of J, has been chosen 
to be less than the critical current of the tin film. Shortly 
after the start of /y, the normal region in the tin film begins 
to propagate and a linear rise of voltage with time is ob- 
served. This corresponds to a uniform motion of the two 
boundaries of the normal region away from the nucleation 
site. For the waveforms shown, the nucleation site has been 
chosen half way between the middle of the film and one end. 
Therefore, when one of the two boundaries reaches the 
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passed through the film. 


nearest end of the film, the other has just reached the center. 
This is shown as point K on the voltage curve, occurring 
at half the maximum voltage. After this time, one of the 
boundaries can move no further, having reached its end 
of the film and, therefore, the rate of change of voltage with 
time is now halved. Finally, at time M, the second boundary 
reaches its end of the film and the film resistance remains 
unchanged until the current J, is cut off. The mechanism 
of thermal propagation makes it possible to obtain a perman- 
ent signal across a tin film, following the occurrence of a 
pulse in a transverse nucleating wire, or film. This signal 
can be made arbitrarily large by simply lengthening the 
tin film. Moreover, if several nucleating wires are present 
at different locations, it is possible to identify, from the 
details of the waveform, the nucleating wire which has 
been activated. 

In addition to these applications, it is apparently possible 
tu arrange conditions so that the normal region will propa- 
gate only while the nucleating pulse is on, and will remain 
unchanged in size when the nucleating pulse goes off. (14) 
This produces a storage element with several stable states, 
so that a record is available of how many nucleating pulses 
have been passed through the (single) nucleating wire. 


The Crossed-Film Cryotron 
e The Unshielded Crossed-Film Cryotron. The basic 
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Fig. 17 — Comparison of the control characteristics of shielded 
and unshielded CFC’s of the same dimensions. 
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Fig. 18 — (a) Field distribution adjacent to a current-carrying 
control film above a superconducting shield plane; (b) field 
amplitude, parallel to the shield, on shield surface. 


crossed-film cryotron (CFC) has the same structure as the 
thermal propagation device shown in Fig. 14—namely, a 
wide gate film of tin on a glass substrate crossed by an 
insulated narrow control film of lead. Like the WWC, the 
CFC is operated at a temperature where the tin gate film 
is only just superconducting. Passage of a current through 
the control (which remains superconducting throughout) 
creates a magnetic field which makes the adjacent portion 
of the gate film resistive. As we shall show presently, the 
gate must be much wider than the control if the CFC is 
to have gain. (5, 6) 

The combination of gate and control currents which cause 
resistance in the gate is shown in Fig. 17. The characteristic 
is somewhat similar to that of the WWC shown in Fig. 6, 
except that relatively large control currents are required 
to make the gate resistive for very small gate currents. This 
is due to the high critical field of the edges of the gate film. 
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The characteristic of the CFC can be improved to be more 
like that of the WWC by removing the edges of the gate 
film (15) or by breaking them up, as mentioned above; but 
for most engineering applications, the unimproved charac- 
teristic as shown in Fig. 17 is adequate. 

@ The Shielded Crossed-Film Cryotron. Since the CFC is 
made of films with very small eddy-current decay times, its 
switching speed is even higher than that of the WWC, which 
is made of wires. In fact. the switching speed of the CFC 
is less than a fraction of a milli-microsecond (10-° nanosec). 
and has not yet been measured without ambiguity. However, 
similarly to the WWC, the speed of a CFC circuit is de- 
pendent upon circuit inductance and CFC gate resistance. 
One way of speeding up CFC circuits, therefore. is to reduce 
the inductance of all the circuit elements. 

It is well known that the inductance of a wire can be 
reduced by returning the current through it along an ad- 
jacent wire—i.e., by using a twisted pair. The same is true 
of superconducting wires or films, but because of the flux- 
excluding properties of superconductors, a great reduction 
of circuit inductance can be obtained simply by depositing 
the whole circuit on an insulated superconducting plane. 
This plane will be called the shield plane, and a CFC 
deposited on an insulated shield plane will be called a 
shielded CFC. 

The operation of a shield plane is explained in Fig. 18, 
where a current-carrying film above a superconducting 
plane is shown. Since no magnetic field can penetrate into 
the superconducting plane, screening currents are induced 
in its surface. Mathematically. the situation of a current- 
carrying film over a superconducting plane is like that of 
an electrostatically charged film over a perfect conductor. 
In that case, the electrostatic field cannot penetrate the 
conductor and induces a screening charge on its surface. 
From the theorem of electrostatic images. we find that the 
field outside the conductor, due to the surface charges, is 
exactly the same as the field due to an equivalent image 
charge, which is of opposite polarity to the external charge 
and is the same distance behind the surface of the con- 
ductor as the external charge is in front. Arguing by analogy. 
it can be proved that a superconducting shield plane ad- 
jacent to a current produces a field equivalent to a parallel 
equal and opposite current, which is the same distance 
behind the surface of the superconductor as the external 
current is in front. Hence, by depositing a circuit on a super- 
conducting shield plane, a current in any element in the 
circuit automatically induces an image current in the shield 
plane, which strongly reduces the inductance of that element. 

A typical shielded CFC has the same structure as the 
unshielded CFC, but instead of being directly deposited on 
glass it is deposited on glass which has previously been 
covered with an (insulated) film of lead. Not only does 
this reduce the control and gate inductance by two orders 
or magnitude, but the presence of the shield also leads to a 
more uniform distribution of current in the gate film and 
hence increases the gate critical current. This is shown by 
the broken line in Fig. 17; it is equivalent to an increase in 
the gain of the CFC, as we shall see presently. 

The presence of the shield has one deleterious effect on 
the CFC characteristic. because it limits the maximum re- 
sistance that can be produced in the gate film due to cur- 
rent in the control. This is demonstrated in Fig. 19. The 
solid line, which refers to the unshielded CFC, shows that 
the gate resistance increases indefinitely with control current 
for that device. The dotted line shows that the gate resistance 
in the shielded CFC reaches a limiting value for large con- 
trol currents. This behavior can be explained by inspecting 
the field configuration between the control and the shield 
plane, shown in Fig. 18. Because of the location of the 
image current, the field due to the control current is can- 
celled out everywhere except in the region between the 
control and the shield. Hence, the maximum gate resistance 


ELECTRO-TECHNOLOGY 





in a shielded CFC should correspond to that length of gate 
film immediately underneath the control; this is confirmed 
experimentally. 

e Crossed-Film Cryotron Gain. The CFC gain is defined 
like the WWC gain—namely, as the critical gate current, 
I, divided by the critical control current, /,; I, is propor- 
tional to the gate width and is given by Eq (13). To obtain 
I, we make use of the result (as shown in Fig. 18) that a 
current-carrying control film produces a uniform field be- 
tween itself and the shield plane and a very small field 
everywhere else. The same situation holds true for an un- 
shielded CFC with a completely superconducting gate, be- 
cause in that case the gate acts as the shield plane. 

By using Maxwell’s relation, f H * ds = 4al, and inte- 
grating around a control film of width w carrying a current 
I, we find that the field, H, underneath such a control is 
given by the equation 


(H-w + 0-w) = 4rI 
Hw = 4nrI (14) 
The gate of either a shielded or an unshielded CFC will 
start to become normal when, at control current J,, the 
field due to the control reaches the gate-film critical value 
H,; i.e., according to Eq (14), when 


Ig = wHy/4n (15) 


From Eqs (14) and (15) we now find the gain of the 
shielded or unshielded CFC to be 


G = I[./I¢ 


4rje W 
Hr @ (16) 


The mean surface field H,, between a gate film carrying 
a critical current j, per unit width and the shield, is given 
by the equation 

SS, = deni, (17) 


Hence, substituting for j, from Eq (17) into Eq (16), we 
finally obtain 


H, W 
G = 
Wye - 


which is very similar to the gain for the WWC given in 
Eq (1). Both of these expressions are made up of the 
product of a term corresponding to the gate film or wire 
properties and a term corresponding to the gate/control 
dimension ratio. 

e Crossed-Film Cryotron Time Constant. The time con- 
stant of one CFC driving another identical CFC can be 
calculated (as discussed for the WWC) by using the cir- 
culating-current storage circuit (6) shown in Fig. 20. The 
calculation will be carried out for the case of the shielded 
CFC. Since the connections between the gate XZ and the 
control Y are very broad compared with the width of the 
control, their inductance can be neglected with regard to 


300 


microhms 


Resistance, 





Control current, ma 


Fig. 19 — Resistance variation with control current for shielded 
and unshielded CFC. Gate width is 0.2 cm, control width is 
2.5 & 10% cm, gate current is 10 ma. 
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that of the control. Hence, the time constant with which 
current is diverted from XZ to Y, when the input control 
is pulsed, is 

+t = L./Re (19) 


where L, is the inductance of the control Y, and Rg the 
resistance of gate XZ. The inductance of a film of width o 
which is a distance t away from a superconducting shield 
can be shown to be (16) 


Le = dots 10~* henries/cm 
@ 


Hence, the inductance of a control of width and length 
W is 


L. = sei < 10 henries (20) 


The gate resistance is the resistance of that portion of the 
gate film covered by the control of width ; i.e., 


ane 2 

Re Wa (21) 
where d and p are the gate film thickness and resistivity, 
respectively. Hence, from Eqs (17), (18) and (19), we 
obtain the time constant of one CFC driving another as 


2 
ew iet =) X 10~° sec 


p 





Substituting for W/o in Eq (16), we obtain 


2 
r wien (4) GX 107 sec (22) 
e\M 

Equation (22) has one significant difference from the 
time-constant equation for the WWC, Eq (11): whereas the 
WWC time constant is proportional to the square of the 
gate-wire radius, the CFC time constant is not a function of 
any dimension other than the gate-film thickness and the 
control-shield insulator thickness. Hence, reducing the CFC 
area will not reduce its time constant. Since, however, the 
ratio H,/H, decreases as the temperature decreases, operat- 
ing at lower temperatures gives higher speed. 

Present shielded CFC’s operated at a relatively high 
temperature, without any attempt to maximize speed, have 
time constants of 0.1 to 0.4 usec; for the gate film, H,/H, 
~~ 20. Eventually, by modifying the gate-film material, its 
geometry or method of preparation (or by doing all three), 
it may be possible to bring the field ratio closer to the bulk 
value of unity. If this proves possible without adversely 
influencing any of the other parameters affecting the time 
constant, it will be reduced by a factor of (20)?—i.e., from 
approximately 400 nanosec to 1 nanosec. 


Cryotron Logic 


e General Principles. Since cryotrons are electrically 
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Fig. 20 — (a) CFC circulating-current storage cell; (b) equiva- 
lent circuit of (a); (c) high-speed version of (a). 
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Fig. 21— (a) CFC storage cell with set, reset, and output CFC; 
(b) equivalent circuit of (a). 


Fig. 23 
Fig. 22. 


More economical version of the CFC shown in 


»— 
Fig. 24— CFC four-position switch. 


similar to telephone relays in their ON-oFF function, cryo- 
tron logic is similar to relay logic. There are, however, two 
differences: 


1. It is undesirable to operate cryotrons as voltage-driven de- 
vices or as voltage-output devices, because such a method of 
operation requires the use of resistors and, therefore, is associated 
with unnecessary dissipation. Since cryotrons are best operated as 
current-driven and current-output devices, all switching circuits 
must be designed in such a way that a superconducting path is 
always available for the power-supply current. 

2. As we shall explain immediately below, a cryotron shunted 
by an inductance can store current. Therefore, no special latch- 
ing devices (as required for relays) or positive-feedback circuits 
(as required for transistors or vacuum tubes) are required for 
storage purposes in cryotron systems. This feature allows consider- 
able design simplification. 


e Cryotron Storage Circuit. A CFC circuit with the func- 
tions of a flip-flop, but much simpler in design, is shown 
in Fig. 21(a) ; an equivalent circuit is shown in Fig. 21(b). 
(The circuit could also be operated with WWC’s.) To 
understand the operation, consider the S CFC, which cor- 
responds to the set input of a flip-flop, to be activated. From 
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Fig. 22 — (a) CFC anp and or gates; (b) schematic of (a). 
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the equivalent circuit, we see that the power-supply current 
is directed through branch 2 (which is completely super- 
conductive) of the circuit, energizing the output CFC N. 
If the input to the control CFC S is turned off, branch 1 
becomes superconducting. Since branch 2, however, is always 
superconducting, the power-supply current remains diverted 
through it. If the control of CFC R is energized, the power- 
supply current is diverted back through branch 1, and re- 
mains there even when the input of CFC R is turned off. 

The circuit shown in Fig. 21 depends upon this principle 
of operation, which may be generalized: once a current dis- 
tribution has been set up in a completely superconducting 
network, it remains stable. This principle not only makes 
an extremely simple storage circuit possible, but also permits 
component economies in switching circuits. 

e Inclusive on and AND Gates. A network of four CFC’s 
driven by current inputs X, Y, X, and Y is shown in Fig. 
22,* together with a simplified schematic. Current passes 
through load Q if neither X nor Y is activated: it passes 
through Z if either X, or Y, or both, are activated. Thus 
Z is the INCLUSIVE OR combination of inputs X and Y, and 


Q is the aNp function of inputs X and Y. According to the 
first general principle for cryotron logic design, it is neces- 
sary to provide both outputs Q and Z, if either is required, 
because a superconducting path for the power supply must 
always be present. 

We can save one CFC by the circuit shown in Fig. 23, 
where R is a clock pulse which is activated only after the 
time both X and Y would appear if they were present. When 
R is activated, the power-supply current is diverted through 
branch Q if, and only if, both inputs X and Y are zero. 
In this case, after R is deactivated, the power-supply cur- 
rent will remain diverted through load Q. Otherwise it will 
be re-diverted through load Z. 

A superconducting path is available for any combination 
of input variables with the four-position switch shown in 
*For an explanation of this notation, see ‘“‘Logic—and Switching Circuits,” 


April 1960, and “‘Logic—and the Principles of Programming,’’ July 1960, Exxc- 
TRIcAL Manuractuninc. (16, 17) 
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Fig. 24. For each setting of the inputs there is one, and 
only one, superconducting path. 

e Equivalence Circuits. A circuit which (in its output Q) 
will detect the equivalence of two inputs X and Y is shown 
in Fig. 25(a), where R is again a reset input. The full 
circuit, not using a reset input, is shown in Fig. 25(b); 
it uses three more CFC’s. 

Another equivalence circuit is shown in Fig. 26. That the 
outputs, Q, are identical in both Figs. 25 and 26 may be 
proved by the application of Boolean algebra. (16, 17) 

e Binary Adders. A binary adder adapted from an early 
design for WWC’s is shown in Fig. 27. (2, 18) It is con- 
structed like the truth table for binary addition shown in 
the accompanying table. Replacing the power-supply cur- 
rent by one of the variables (a method of general appli- 
cation) results in a circuit with fewer cross-overs. 


Storage Systems 


e A Circulating-Current Storage Circuit. To demonstrate 
a circulating-current storage circuit using a CFC, reference 
is made again to Fig. 20(a), together with its equivalent 
circuit, Fig. 20(b). In one mode of operation, a current 
is applied between X and Z, most of which flows through 
the path XZ rather than XYZ because the former has much 
lower inductance. If current passes through the input con- 
trol, XZ becomes resistive and / is diverted through the 
path XYZ. It is possible to switch off the current through 
the input circuit so that XZ becomes superconducting again; 
I will remain diverted through the path XYZ. The output ele- 
ment MN will therefore remain resistive. If J is switched 
off, a circulating current will remain in the loop XYZ. The 
magnitude of this current can be calculated by assuming a 
current +/ to have been injected into node X, and completely 
diverted to L., through L,’s having been temporarily made 
resistive. If more current, —/, is injected into node X, it 
will divide itself between XZ and XYZ in the inverse ratio 
of their inductances. The current along XZ will be 


Ls 
Axe * (;, + Z) 


and the net current along XYZ will be 


L 
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Le 
a I (- T z) 


Ee oo 

LM alll ra 

mT oon A} 
C24) Xe ¥ 
ee ee 
V aaa. :  j ] 

| py fo og 
P22 Ld | 7 | 

THe Ee Ae 
4 Ped ret 4 

THe Ee fe 
- - Hj "aa ad | } 

“oe oe te © oy 


Clan ththedll F 7 
a a t — Af 
So [ZZ 


CALA Lf | | 


Sum Augend Addend 
Output Inputs 


Fig. 27 — Binary adder. 
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Q=XY+XY 


Fig. 26 — Dual comparison circuit of Fig. 24. 


Therefore, 


—Ixz = Ixyz 


Hence, the circulating current is 


be, “ns a 


since L, >> [,. 

A Shift Register. The storage circuits described can 
be cascaded to form a shift register. (6) A schematic dia- 
gram of the register and a set of calculated waveforms are 


er 


Fig. 28—Three-stage-per-bit shift register schematic and wave- 
forms. 
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Fig. 29— Block diagram of a word-organized random-access 


storage device. 
Fig. 30 — CFC random-access storage cell. 


shown in Fig. 28. These waveforms show the register oper- 
ated with three stages per bit, using three advance and three 
reset current sources. Alternatively, it can be operated with 


four stages per bit using only two advance and two reset 
‘one” into the register, the input 
winding is pulsed while advance current J, is on. This di- 
verts J, from the first cryotron to its output grid and, when 
I, goes off, a circulating current C, remains in the first 
storage cell. Because of C,, /, will be directed to the out- 
put control of the second storage cell. It is necessary at this 


current sources. To inject a 


which is accomplished by passing cur- 
has to be destroyed 


time to destroy Cas 
rent through the reset winding R,. C, 
before /., is switched off to avoid the destruction of the cir- 
culating current C, in the second storage cell through the 
effect of C, on I,. After C. has been destroyed and i. has 
been switched off, the injected “one” is represented by the 
circulating current C, in cell 2. Similarly, C, is created 
and C. destroyed. Only at this time can a new “one” be 
injected into the first storage cell. The control of the last 
storage cell crosses an output CFC whose resistance is an 
indication of the presence or absence of the circulating cur- 
rent C,. 

The maximum operating speed of the shift register de- 
pends upon the time constant of the basic storage loop. 
Typical loops using shielded tin-lead CFC’s have time con- 
stants of between 0.1 and 0.4 psec, depending on the gain 
and temperature of operation. Shift registers made in the 
author’s laboratory have been operated with 7-usec advance 
pulses at a repetition rate of approximately 140 kc. In this 
case, the maximum repetition rate was limited by the pulse 
equipment available rather than by the circuit time constants. 

© Random-Access Storage Devices. The storage cell shown 
in Fig. 20 can be used in various types of random-access 
storage devices. A two-dimensional, word-addressed storage 
device, shown in block-diagram form in Fig. 29, consists of 
horizontal lines of storage cells. (19) Each line holds one 
information word. Individual lines can be addressed by 
means of a switch which might, for instance, be a four- 
position switch (Fig. 24). All storage cells of any one word 
are operated on simultaneously. An individual cell (unit) 
for the storage device is shown in Fig. 30. (Although all 
cross-overs are insulated, the insulators have been omitted 
for the sake of clarity.) This cell contains the basic storage 
loop shown in Fig. 20 in series with the picir write line. 
Circulating current can be stored in this loop by passing 
overlapping current pulses through the picit-wriTE line and 
the WORD-WRITE line, terminating the latter current pulse 
before the former. To destroy a circulating current, the 
WORD-WRITE line only is pulsed. To sense whether or not a 
circulating current is present, the readout element is tested 
for resistivity by passing a current through the DIGIT-READ 
line and the wWorb-kEAD line simultaneously. The latter cur- 
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he 


rent serves to inactivate the rREAD-line shunt, which is re- 
quired for the prevention of disturbing signals on a par- 
ticular DIGIT-READ line from digits in words other than the 
word being sensed at the moment. Since the pIGIT-wRITE line 
is always superconducting, it can be put in series with the 
DIGIT-READ line, if this is convenient. 

In a random-access storage device (in contrast to the 
shift register) the storage cell need not have a gain greater 
than unity. Therefore, the time to set up or destroy a cir- 
culating current is, in principle, limited only by the ex- 
tremely short switching speed of the CFC itself. For high- 
speed operation, the control in series with the word line 
is made very wide, which increases the length of the resist- 
ance region of the input gate; this, of course, makes it neces- 
sary to use a correspondingly larger current on the worp- 
WRITE line. It is also desirable to reduce the storage-loop 
inductance, most of which is due to the control crossing the 
output gate. We cannot reduce the inductance of this con- 
trol by widening it, because we would then require a large 
circulating current to obtain an output signal. The magnitude 
of this current, however, is limited by the width of the 
input-gate film. It is possible to make part of the output-gate 
control wide and to make the output gate as narrow as 
possible, thus shortening the output CFC control wherever 
the DIGIT-READ line is fed into a high-gain amplifier rather 
than another cryotron circuit—.e., 
access storage device communicates with an output amplifier. 
Such a storage cell, laid out for maximum operating speed 
and with a gain smaller than unity, is shown in Fig. 20(c), 
in contrast to the circuit shown in Fig. 20(a), which is de- 
signed for gains larger than unity. High-speed, fractional- 
gain cells have been built at the General Electric Research 
Laboratory with time constants of approximately 30 nanosec; 
even higher speeds could undoubtedly be attained by care- 
ful design. Therefore, it is reasonable to assume that storage 
devices of the sort illustrated in Fig. 29 can operate at 
nanosecond (10°) speeds. 


wherever the random- 


Other advantages of a random-access storage device are 
its non-destructive readout feature and the possibility of 
designing such devices with arbitrarily wide drive-current 
tolerances simply by designing the input gates with sufficient 
width. This is not so in conventional magnetic-core storage 
devices, for example, because the core selection is accomp- 
lished by the addition of two or three drive currents whose 
resultant field must exceed the coercivity of the core. Drive- 
current tolerances have a fixed upper limit determined by 
the squareness of the core hysteresis loop. One of the 
reasons for expecting superconducting-film storage devices 
to find wider acceptance than magnetic-film storage devices 
is this possibility of designing such superconducting-film 
devices with arbitrarily wide tolerances. 

Although superconducting storage devices described by 
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Crowe (3) and Crittenden (4) have even greater tolerance 
difficulties than conventional magnetic-core devices, a more 
recent storage device described by Burns et al (20) may have 
overcome these difficulties. 


Systems Considerations 


e CFC Fabrication. Since the CFC’s are flat, they can be 
deposited in large arrays at one time in a few simple steps. 
The standard method of fabrication at present consists of 
vacuum deposition. (8) The fabrication time of a whole 
array of CFC circuits can be measured in minutes. This 
means that the production cost of CFC arrays is negligible 
compared to the cost of final assembly and test. An ex- 
ample is the array shown in Fig. 31, which consists of a 
portion of a shift register of the type shown in Fig. 28. No 
published information is available on the yield of usable 
large CFC arrays. However, in small arrays of the type 
shown in Fig. 29, the yield is acceptable. In fact, the pro- 
duction of CFC’s is believed to be far easier than that of 
semiconductor or magnetic-film components, which have to 
be made of very-high-purity materials «and are extremely 
sensitive to impurities such as oxygen—particularly during 
the fabrication process. The performance of the CFC’s is an 
order of magnitude less dependent on material purity and 
the fabrication process. 

@ Component Density. Considering the array of Fig. 31, 
we can estimate, making allowance for lead-tin contact area 
and for inter-CFC spacing, that it is deposited at a density 
of 18,000 controls per sq foot, assuming that each CFC is 
fed on the average by four controls. It appears quite possible 
to stack 60 foot-square arrays into 1 cu ft, with space be- 
tween for heat dissipation. This leads to a control density of 
slightly more than one million per cubic foot. With each 
CFC excited for only 10 per cent of the time and dissipations 
less than 5 microwatts d-c on the average, there would be a 
total dissipation of less than 0.5 watts. Helium refrigerators 
with ratings of up to 2 watts could handle such losses. 
Million-element superconducting systems therefore appear 
eminently practicable, with the whole system housed in a 
volume of a few cubic feet. 
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Fig. 31 — Portion of an experimental shift register (see Fig. 28 
for schematic). 


Conclusions 


The CFC is the first and only active element which can 
be produced in large arrays at negligible cost. Operated 
as an electronic switch or amplifier, the CFC has moderate 
speeds of 1 mc/s. Even with this limitation, CFC systems of 
moderate cost and size will outperform even the fastest and 
largest existing computing machines because of the large 
number of components which can be used. In the area of 
kilomegacycle computing machines, it appears quite likely 
that CFC’s or some other type of superconducting film ar- 
rangement will prove to be the best component for use in 
a random-access storage device. 

Because of all these attractive features, many laboratories, 
both here and abroad, are investigating superconductive film 
devices. We may confidently expect, therefore, that in the 
next few years several types of superconductive data handling 
systems will come into use. OOO 
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OWAVE FILTERS 


Increased requirements and diversity of ap- 
plication of microwave systems have brought 
new needs for high-performance microwave 
filters. Various techniques are available for 
designing them. Some of these are described 


and illustrated here. 


E. N. TORGOW* 


THE GROWING UTILIZATION of the microwave spectrum 
over the last two decades and the increasing need to 
prevent interference between radars, communication links, 
guidance systems, etc., have heightened interest in micro- 
wave filtering devices. While a wide variety of filters 
was developed during World War II, considerable effort 
has been expended during the last 10 years in the develop- 
ment of additional types of microwave filters. The reason 
for this is two-fold. First, filters are needed which can 
be made to handle the more stringent requirements gen- 
erated by new microwave systems. This has led to the 
investigation of techniques for lowering the pass-band 
insertion loss, miniaturization without loss of perform- 
ance, improving the skirt selectivity of the filter without 
increasing its size, enhancing the power-handling capa- 
bilities of filters, increasing the frequency bands over 
which such filters reject spurious signals, and frequently 
for accomplishing several of these objectives simultane- 
ously. Secondly, there is the desire to formalize the theory 
of microwave filters much as the theory of two-port, 
lumped-element filters has been formulated to date. This 
will yield such practical information as whether or not 
* This article originally appeared in PRD Reports, published by PRD Electronics, 


Inc., Brooklyn, N. Y., by whom the author was then employed. He is now Chief 
Engineer at Dorne and Margolin, Inc., Westbury, N. Y. 
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a given response can be realized and, if it can, what 
minimum number of elements is required to give this 
response. 

The formal theory of filter networks employing lumped 
elements is of fairly recent origin. As recently as the 
early 1920’s, George Campbell of the Bell Telephone 
Laboratories demonstrated the filtering properties of an 
LC ladder network. The m-derivation of prototype filters 
which permitted a wide range of control over filter char- 
acteristics was described shortly thereafter. (1)+ The 
period from 1920 to about 1935 was a fruitful time, with 
many people contributing to the understanding and 
analysis of filtering networks. This approach to filter 
design, which is commonly referred to as the image-para- 
meter technique, was generalized by H. Bode in 1934. (2) 
Filters were designed at this time by recognizing the 
filtering properties of certain types of networks and by 
selecting the circuit parameters so as to give the indi- 
cated types of response at the desired frequencies. Com- 
plex performance characteristics were obtained by cas- 
cading simpler basic sections. Then, in the late 1930's, 
the theory of network synthesis developed rapidly. The 
necessary and sufficient condition that response be realized 
by a physical network was demonstrated and a synthesis 
procedure for the realization of filter networks which 
could exhibit a prescribed response was developed. (3) 

The theory of lumped-element filters evolved from 
early work in transmission lines. The earliest work on 
practical microwave filters was, in turn, based on lumped- 
element filter theory. Microwave filters were first designed 
by making use of distributed circuit elements which be- 
have like lumped elements over limited frequency bands. 
Suitable lumped-element filter networks were designed 
by conventional low-frequency techniques and the micro- 
wave design was then accomplished by replacing the 
lumped elements by their equivalent distributed elements. 
A number of microwave-filter design techniques have also 
been based on the image-parameter approach, where it 
was recognized that the image properties of certain 
simple microwave structures exhibited pass and stop 
bands. (4, 5) In 1948 it was demonstrated that any trans- 
mission-line network containing resistors and commen- 
surate lengths of transmission line has an input im- 
pedance which can be described by a rational function 


{Italic numerals in parentheses refer to Cited References at end of article. 
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of the variable tan 6 where @ is the smallest length of line 
(all other line lengths being integral multiples of it). (6) 

It was shown further that, upon the introduction of a 
transformer of the frequency variable \ = j tanh 6, any 
driving point impedance function Z(A) which is realiz- 
able as a lumped network in the \ plane can be realized 
as a distributed network containing transmission lines 
of equal length and resistors. This work was extended 
by a number of people to the case of lossless transducers 
terminated in a resistive load, which is the filter problem. 
However useful the results of these investigations have 
been, there are three major limitations to the use of the 
theory of distributed networks in the synthesis of prac- 
tical filter structures: the structures which result from 
this procedure contain only transmission-line sections 
which are all of equal length and therefore are not neces- 
sarily the most compact which can be constructed to 
yield a prescribed response; the response is defined for 
the frequency range corresponding to 0 < 6 < 2/2 and 
repeats thereafter; and there is no known way of taking 
into account the discontinuity reactances at the junctions 
of the different transmission-line sections in the synthesis 
procedure itself. Furthermore, for the case of filters with 
stringent performance characteristics, the synthesis pro- 
cedure may be quite involved and laborious. 

In addition to the aforementioned methods for design- 
ing microwave filters, a number of techniques have been 
developed which, for want of a better title, might be 
called “special microwave structures.” While these struc- 
tures can be shown to have equivalent lumped circuits 
over a given band of frequencies, the microwave structure 
is in general quite simple, whereas the lumped network 
may be quite complex and the principles of operation are 
more readily explained in terms of transmission-line 
parameters than in terms of circuit elements. The general 
class of directional filters and filters employing direc- 
tional couplers and hybrid junctions, which are related 
to. lumped bridge circuits, fall in this category. These 
types of filters generally exhibit particular types of re- 
sponse functions and are not readily adaptable to other 
filter requirements. However, where these special re- 
sponse characteristics are required, these filters frequently 
offer the most practical means of obtaining such char- 
acteristics. 

Having traced the historical development of micro- 
wave-filter design procedures, the various techniques 
currently available to the microwave filter designer and 
the advantages and disadvantages can be summarized. 

Approximations of Lumped Filter Circuits by 
Microwave Circuit Elements. Microwave circuit ele- 
ments are readily available which closely approximate 
the characteristics of series- and shunt-connected induc- 
tors, capacitors and resonant circuits over a band of 
frequencies. However, lattice and bridged-tee connections 
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cannot be readily achieved. Therefore, any lumped filter 
structure which can be constructed as a ladder network 
can be realized to a high degree of approximation by 
purely microwave circuit elements. These elements may 
be short lengths of transmission lines, or they may be 
elements which exist at only one point in the transmission- 
line structure—such as irises. The choice of a particular 
structure to approximate a lumped element will depend 
on several factors: the bandwidth over which the ap- 
proximation is to be valid, the physical dimensions which 
are required to realize a given value of inductance or 
capacitance, the overall size allowed for the filter, its 
power-handling capacity, and the allowable level of dis- 
sipative loss. Actually, this technique for designing micro- 
wave filters offers the greatest freedom to the microwave 
engineer in that a wide variety of structures is available 
to approximate only two lumped elements. Furthermore, 
he has at his disposal the entire field of lumped-element 
filter design theory and the design procedures are fairly 
simple. The disadvantages of this approach, however, 
are that corrections must be made for stray discontinuity 
effects which occur at the junction of different elements, 
even the best approximations to lumped elements are 
good only over limited bandwidths and, particularly when 
transmission-line elements are employed, spurious pass 
bands will occur in what would normally be a rejection 
band. Particular care must be exercised in the design of 
these filters in order to obtain wide rejection bands. 

Synthesis of Distributed-Network Filters. Appro- 
priate insertion-loss functions given as functions of a 
transformed frequency variable can be synthesized to 
yield networks containing only transmission-line sections 
of equal length. In this way, a performance characteristic 
can be specified and a network is obtained which, in 
the ideal case, has exactly the prescribed behavior. Un- 
fortunately, at the present stage of the development of 
distributed network theory, there are several drawbacks 
to this approach: the response of such a filter in the 
region from 6 = — 7/2 to 6 = 2/2 is repeated in the 
region from 6 = 2/2 to 6 == 3/2 and in each region 
from (2n — 1)x/2 to (2n + 1)x/2 thereafter, correc- 
tions for the discontinuity effects which occur at the 
junctions of the various transmission lines must still 
be made, the resulting structures are frequently larger 
than non-equal line-length structures approximating the 
same response over the same frequency band, and the 
actual synthesis procedure may be somewhat involved. 
Also, it must be recognized that the insertion-loss func- 
tion to be synthesized must be given in terms of the 
d variable. This is not a severe restriction, as there is a 
simple correspondence between each point along the 
imaginary A axis, and a point on the real frequency 
axis in the interval 0 < @ < 2/2. 

Some extremely useful techniques have resulted from 
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this work which permit simplifications to be made in 
filter structures without altering the response of the 
filters themselves. However, of the two approaches to 
microwave-filter design discussed above, the design of 
microwave filters based upon the approximate realiza- 
tion of a lumped filter design is, at the present time, 
preferable in most cases. A possible exception is in the 
case of extremely narrow-band filters where the lumped 
elements (in this case, resonant circuits) are closely 
approximated by distributed networks (cavities) over 
the band of interest. 

Filter Response Functions. It has been indicated 
that probably the most important technique used today 
for designing microwave filters is the microwave ap- 
proximation to a low-frequency prototype filter contain- 
ing lumped elements. It is fairly well known that one 
need only design a low-pass filter in order to obtain the 
design of a band-pass filter, a high-pass filter, or a band- 
elimination filter. The desired filter can be obtained 
directly from this low-pass “prototype” by the use of 
suitable frequency transformations. These frequency 
transformations and the transformation of circuit ele- 
ments which result are shown in Fig. 1. It is important 
to note that, while every low-pass characteristic has a 
band-pass transformation, the converse is not true. The 
band-pass characteristics which result from such a trans- 
formation are geometrically symmetric about w,, as the 
insertion loss at kw, is equal to the insertion loss at w,/k. 

It is possible to have realizable band-pass functions 
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General filter design from prototype low-pass structure. (Prepared by Dr. H. J. Carlin, Polytechnic Institute of Brooklyn.) 


which do not exhibit this type of symmetry, and which 
consequently cannot be derived from low-pass prototypes. 
In such cases, it is necessary to work with the desired 


band-pass characteristics directly. However, in most 
practical cases the performance obtained from the afore- 
mentioned transformations is entirely adequate. Further- 
more, the normalized low-pass des‘gn can be carried out 
for a normalized frequency #, = 1 and a normalized 1- 
ohm impedance level. The normalization can be removed 
by dividing all reactance element values by the actual 
value of w,, and multiplying all inductance values and 
dividing all capacitances by the actual impedance level. 

The next question to be answered is, what type of 
low-pass response is desired? For almost all filtering 
requirements there is a frequency band over which the 
loss is to remain greater than some minimum specified 
amount. The frequency band between these regions, 
where the insertion loss rises from a low value to a high 
value, is generally required to be narrow. Image-para- 
meter design procedures are based on the fact that the im- 
age impedance is real in the pass band and imaginary in 
the rejection region, while the image propagation constant 
is imaginary in the pass band (representing a phase shift) 
and real in the rejection band (representing attenua- 
tion). The actual performance of the filter designed on 
this basis, when placed bewteen a Z, generator and a Z, 
load, is not immediately determinable. However, as the 
image impedance remains fairly constant over a major 
portion of the pass band, matched conditions prevail 
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over this range. In the rejection region, once the attenua- 
tion constant is high, the insertion loss is fairly inde- 
pendent of the load impedance and approaches the theo- 
retical attenuation. In the transition region between pass 
and stop, the performance of the filter is characterized 
by pass-band ripples whose amplitudes increase as the 
cutoff frequency is approached. 

A considerable amount of progress has been made in 
approaching the optimum functions which approximate 
ideal characteristics and which can be realized as physical 
networks with a minimum number of elements. The most 
familiar of these functions are the Butterworth or maxim- 
ally flat function, the Tchebyscheff or equal-ripple func- 
tion, and the equal-ripple performance in pass and stop 
band. The Butterworth low-pass insertion loss function, 
shown in Fig. 2 (b), is 

a = 10 log |1 + (/o)*"| 

The insertion loss is 3 db at wo, and has the flattest 
possible insertion loss characteristic in the pass band. 
It is a monotonically increasing function and, above the 
cutoff frequency, the loss approaches as an asymptote a 
line drawn from w, and increasing linearly on a logarith- 
mic frequency scale at a rate of 6n db per octave. Such 
a filter will require n elements. 

The Tchebyscheff, or equal-ripple response, is illus- 
trated in Fig. 2(a) and is characterized by the fact that 
the loss in the pass band oscillates between zero and 
some specified maximum pass-band loss. Above the cut- 
off frequency, the insertion loss rises monotonically. The 
insertion-loss function for this response is 

a = 10 log |] + tT ,? (w/w) | 
where 

T,,(x) = cos (n cos" x) 

In the pass band (—1 < x < 1), 7,(x) oscillates be- 
tween —1 and +1. Therefore, the maximum pass-band 
insertion loss is 10 log |1 + t!. Above the cutoff frequency, 
the loss is given approximately by 

a = 20 log [2" 12% (#/a,)"] 


for large values of ». Again, a network having n elements 
is required to exhibit this response. This function is an 
optimum in the following sense: if two of the three factors 
(the monotonic rate of rise above cutoff, the ripple height 
and the number of elements) are specified, the third 
factor required for a Tchebyscheff response is the 
optimum that can be obtained by a realizable network. 
For a given ripple height and number of elements, the 
rate of insertion loss rise above cutoff can be increased 
by removing the restriction that the response be mono- 
tonic above the cutoff frequency. The equi-ripple pass 
and stop-band functions give Tchebyscheff ripples in 
both the pass band and the rejection band. 

To design a low-pass prototype filter which exhibits 
a Butterworth or Tchebyscheff response, one no longer 
need go through the complete synthesis procedure. Tables 
are available of the element values for normalized low- 
pass filters having Butterworth characteristics of orders 
1 through 10 and for filters having Tchebyscheff charac- 
teristics with 14, 1 and 2 db ripples, also for orders of 
the Tchebyscheff function up to 10. (7) Results obtained 
by Belevitch and others for open-circuited Butterworth 
filters and for matched-termination Butterworth and 
Tchebyscheff filters have also been tabulated. (8) 

Realization of Microwave Filters. Having obtained 
a suitable lumped-element filter circuit, a transmission- 
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Fig. 2—Tchebyscheff (a) and maximally-flat (b) response 
functions, 


line structure which exhibits the same electrical charac- 
teristics must now be realized. It is at this stage of the 
design that a considerable amount of ingenuity can be 
exercised. There are many possible ways of realizing 
structures equivalent to lumped elements and a number 
of practical considerations will enter into the choice of 
these structures. The type of transmission line in which 
the filter is to be constructed may govern the manner in 
which these circuit elements are realized. The frequency 
band over which the approximation is to be valid and 
the physical sizes of the elements are other factors. Some 
of the more commonly used approximations to lumped 
elements will be enumerated and the factors which govern 
their use will be indicated. 

@ Short Transmission-Line Sections. A uniform length 
of lossless transmission line can be described by a dis- 
tributed series inductance and a distributed shunt capa- 
citance. This is shown in Figs. 3 and 4. If a short length 
of line is considered, as a first-order approximation, the 
line can be represented as either a “tee” or 7 network, 
where the series element is an inductor and the shunt 
element is a capacitor. The characteristic impedance of 
the line is proportional to the square root of the ratio 
of L to C. Therefore, a high-impedance line is predomi- 
nantly inductive, while a low-impedance line is mainly 
capacitive. The residual capacitance in the high-imped- 
ance case and the residual inductance in the low-imped- 
ance case can be treated as correction factors at each 
end of the element. These can frequently be included in. 
or compensated for, by the elements on each side of this 
element. In strip line, the impedance can be controlled 
by changing the width of the center conductor, while in 
coaxial line the diameter of the inner or outer conductor 
can be changed. In rectangular waveguide, either the 
height or the width of the guide can be adjusted to give 
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Fig. 3 — Equivalence of high (a) and low (b) Z, coaxial lines 
to lumped elements. 


the desired impedance. However. as the width of a wave- 
guide determines its cutoff frequency (and consequently 
the variation of both its guide wavelength and impedance 
as a function of frequency), it is generally desirable to 
maintain this width constant throughout the filter struc- 
ture. Therefore, the height of the guide is generally 
adjusted to obtain a specified impedance level. 

The inductance or capacitance is a function of the 
length of line as well as its impedance, and the longer 
the line the higher the resulting element value. However, 
the approximation is valid only as long as the length 
of line is short compared to the wavelength. Therefore, 
the length is limited by the highest frequency at which 
the approximation is to remain valid. In particular, a 
length of line less than a quarter wavelength long at 
the highest frequency at which a low-pass filter is required 
to have a stop band or at which a high-pass filter exhibits 
a transmission band is generally adequate. The highest 
line impedance possible is limited by the smallest width 
or diameter center-conductor that it is practical to build 
in the strip-line and coaxial-line structures, or by the 
greatest height that it is practical to construct without 
exciting higher modes and without introducing large dis- 
continuity reactances at the junctions in the waveguide 
case. The lowest practical line impedance is limited by 
the fact that the width of the center conductor should be 
small compared to wavelength for strip line, that the 
spacing between the inner and outer conductors must be 
large enough to be easy to construct in coaxial line, and 
that the spacing between top and bottom walls in rec- 
tangular waveguide must be practical to construct. In 
addition to the stray reactances associated with short 
line lengths, there is also a discontinuity reactance present 
at the junctions of such line sections due to the changes 
in the transmission-line cross-sections. These can be 
evaluated by standard means and the corrections indicated 
can be applied to the elements on either side of the 
junction. 

In addition to the limit on the maximum length of 
such a line section, there is also a minimum line length 
below which an approximation to a series coil or a 
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shunt capacitor is no longer valid. This lower limit is 
due to coupling between the discontinuity fields at each 
end of the line section. A useful rule of thumb for estab- 
lishing this lower limit is that the length of line between 
two junctions should be longer than the greatest height 
in the case of waveguide, width of conductor in the case 
of strip line, and inner-conductor diameter in the case 
of coaxial line, present at the junction. 

These limits define only the region wherein the length 
of line closely approximates a lumped element. The fact 
that these limits are exceeded does not mean that filtering 
properties no longer exist, but that the equivalence be- 
tween the lumped network and the transmission-line net- 
work no longer exists. 

e@ Short- and Open-Circuited Transmission Lines. One 
of the most familiar techniques for approximating the 
characteristics of a lumped reactance is the use of short 
lengths of open-circuited and short-circuited transmission- 
line sections. A short length of short-circuited transmis- 
sion line very closely approximates the characteristics of 
a lumped inductance, provided the length of the line is 
much less than a quarter of a wavelength. A similar 
length of open-circuited line behaves as a lumped capaci- 
tor. The value of inductance or capacitance is directly 
proportional to the impedance of the stub line. These 
lines can easily be placed in parallel with strip-line and 
coaxial-line structures to represent shunt lumped ele- 
ments, and in series with a rectangular waveguide to 
approximate lumped elements in series. The parallel con- 
nection in strip and coaxial lines is accomplished by 
running the stub line at a right angle to the main line. 
The series connection in waveguide can be realized by 
placing the stub line at the top wall of the waveguide. 
A stub connected to the side wall of the waveguide ap- 
pears in parallel with the main guide, but the fact that 
the width of the stub line is an appreciable fraction of 
a wavelength means that this stub does not appear only 
at a single point along the length of the line. Therefore, 
transmission-line effects and reflections from the dis- 
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Fig. 4 — Center-conductor, strip-line circuit elements: (a) series 
inductance; (b) series capacitance; (c) shunt capacitance; (d) 
shunt inductance. 
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continuities present at the junctions of the two lines 
become significant. Similar considerations apply when 
the impedance of the series stub in the waveguide is high, 
for the height of such a stub is then fairly large. Stubs 
can be connected in series with coaxial lines by the use 
of re-entrant lines. This is roughly equivalent to the top- 
wall series connection in waveguide, and re-entrant line 
can be placed in series with either outer or inner con- 
ductor. Series stubs are not convenient to use with strip 
transmission lines, however, and other techniques must 
be employed to approximate series lumped elements in 
these lines. The various types of stub lines are shown 
in Figs. 4 and 5. 

The factors which limit the use of stub lines are much 
the same as those which limit the use of cascaded 
lengths of line as described in the previous section. The 
lengths of line must be short compared to the wavelength 
and long enough so that the junction effects are fairly 
small compared to the value of the reactive element. The 
required impedances must lie in the range in which the 
resulting cross-sections of the stub lines are large enough 
to build but are smaller than an appreciable fraction of 
a quarter of a wavelength at the highest frequency of 
interest. Fortunately, the elements required for most prac- 
tical low-pass and high-pass filters fall within this range 
for coaxial and strip transmission lines. The discontinui- 
ties present at the junction points in waveguide, however, 
are frequently so large that this type of approximation 
to a lumped element may not be desirable. 

When the approximation to a lumped element is re- 
quired only over limited frequency bands, stub lines 
longer than a quarter of a wavelength may be used. In 
this way, only open-circuited stubs or only short-circyited 
stubs can be used in a single filter for both inductors 
and capacitors. This frequently simplifies the fabrication 
of some types of filters. It is also possible to utilize more 
complex stub lines in order to obtain approximations to 
lumped elements over fairly wide frequency bands. 

e@ Lumped Capacitors. It is sometimes possible to 
realize a lumped capacitor in a transmission line filter 
by actually constructing a section containing two plates 
separated by a dielectric. This can be accomplished in 
strip transmission line, for example, by overlapping two 
lengths of center conductor with a thin dielectric tape 
placed between them, as shown in Fig. 4. A similar series 
capacitor can be achieved in coaxial line by constructing 
a coaxial cylindrical capacitor, similar to the re-entrant 
line in the inner conductor shown in Fig. 5. In both 
cases, the design formulas for low-frequency parallel 
plate or cylindrical capacitors can be used to design these 
capacitors, provided the spacing between conductors is 
small and the dimensions of the capacitor plates are small 
compared to the wavelength. 

Shunt lumped capacitors can be constructed in coaxial 
line by using a very short (compared to wavelength) 
section of coaxial line whose inner conductor diameter 
is only slightly smaller than the inner diameter of the 
outer conductor. A dielectric can be placed between these 
two conductors to increase the capacitance between the 
center and outer conductors. The capacitance can again 


be computed from the low-frequency expressions for 
coaxial cylindrical capacitors, but the discontinuity ca- 
pacitance due to the change in the diameter of the inner 
conductor at each end of this section must also be com- 


puted. (4, 5) 
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Fig. 5 — Typical distributed representation of lumped elements: 
(a) coaxial elements and (b) waveguide elements. 
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@ Discontinuity Reactances. Irises, posts, and obstacles 
of various types located in a transverse plane of a trans- 
mission line exhibit the characteristics of lumped elements 
in shunt with the line over moderately wide frequency 
bands. The characteristics of various discontinuity ele- 
ments have been evaluated. However, the use of these 
elements must be carefully considered in a direct element- 
by-element approximation procedure, as their character- 
istics are defined only when they exist in a uniform 
transmission line and when there is no coupling between 
adjacent discontinuities. 

@ Low-Q Resonant Elements. The discussion thus far 
has been limited to microwave structures which approxi- 
mate lumped elements over fairly wide frequency bands. 
For wide band-pass filters (and m-derived sections) it 
is frequently desirable to approximate lumped resonant 
circuits. This can be done by utilizing two stubs, one 
open-circuited and one short-circuited, of the types de 
scribed above, to obtain parallel resonant circuits in 
shunt with the main line. Resonant circuits in series with 
the main line can also be realized by the use of re-entrant 
lines in coaxial line and by stubs in rectangular wave- 
guide. Resonant lengths of line can also be used. For 
example, a short-circuited quarter wavelength of line 
behaves like a parallel resonant circuit and a quarter 
wavelength of open-circuited line behaves like a series 
resonant circuit. However, a considerable amount of 
care must be exercised in the use of these elements, as 
the slope of the reactance of the line structure in the 
vicinity of resonance will differ from the slope of the 
reactance of a lumped circuit at the same frequency if 
the impedances of the two networks are chosen to be 
the same at low frequencies. 

While these structures can be used fairly readily with 
coaxial and strip transmission lines, the discontinuity 
effects may be rather marked in the case of waveguide 
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Fig. 6 — Five-section, constant-k low-pass filters with m-derived 
half-section terminations. 














2 


Frequency, kmc 


Fig. 7 — High-pass filter response. 


structures when two or more stubs are joined at a com- 
mon terminal plane. However, for a wide-band band-pass 
filter, one can make use of the fact that a waveguide 
acts as a high-pass filter. Therefore, by designing a wave- 
guide so that its cutoff frequency coincides with the 
lower cutoff frequency of the band-pass characteristics, 
it is necesssary only to design a low-pass filter in the 
guide to realize band-pass characteristics. (It is important 
to note that the characteristics of waveguide filters con- 
taining reactances approximated by lengths of trans- 
mission line are functions of the guide wavelength, which 
in this case does not vary in a simple way as the reciprocal 
of frequency. ) 


All of these techniques for realizing band-pass filters 
are limited to fairly wide pass-bands. For narrow band- 
widths, it is necessary to resort to other design tech- 
niques, as the lumped circuit element values required for 
the filter circuit frequently lead to transmission-line di- 
mensions which are impractical to construct, or which 
have comparatively high resistive losses. 
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Typical Filter Designs. As an illustration of the 
techniques for approximating lumped element structures, 
Fig. 6 shows the structure used for a sequence of con- 
stant-k filters with m-derived half sections. These filters 
were designed using short lengths of high-impedance 
line to approximate series inductances and open-circuited 
stubs to realize shunt capacitors. The series-resonant 
shunt arm of the m-derived terminating section was ob- 
tained by the use of a resonant open-circuited shunt stub. 
The length of this stub was chosen so that, at the fre- 
quency of resonance of the series LC arm, it was exactly 
one quarter of a wavelength. 

As one purpose of such a section is to provide a good 
impedance match close to the cutoff frequency of the 
filter, the characteristic impedance of the stub was chosen 
so that the input impedance to the stub was exactly equal 
to the impedance of the series LC arm at the cutoff 
frequency. In the design of this filter, the capacitance 
associated with the series length of line was computed 
and the capacitance of the shunt elements was reduced 
by a corresponding amount. As this particular filter was 
constructed in strip line, it was necessary to determine 
the discontinuity reactance associated with the junction 
of two perpendicular lines. Utilizing the published re- 
sults (9, 10) for such a junction in strip line, the ap- 
proximate circuit for the discontinuity reduces to two 
inductances in series with the series (high-impedance) 
line. The lengths of the series arms were then reduced 
in order to correct for this discontinuity inductance, 
which amounted to about 5 per cent of the total induct- 
ance. 

Figure 7 shows the center-conductor construction for 
a strip-line, high-pass filter in which short-circuited stubs 
were used to obtain shunt inductors and series overlapped 
sections were used to obtain the capacitors. O00 
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A Procedure for the Design of 


Transistor Bias Networks 


Transistors are temperature-sensitive 


devices, and this sensitivity must be 
taken into consideration in the design 
of biasing networks if a temperature- 
stable operating point is to be main- 
tained. Special formulae and _proce- 
dures are needed to determine the 
values of emitter and base resistances 
when the temperature range and al- 
lowable variation of collector current 


are specified. 
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Fig. 1-Two simple bias circuits for transistor amplifiers. 
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Fig. 2—Typical input characteristics of a germanium small- 


signal alloy-junction transistor. 
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BIAS NETWORKS are required in transistor circuits to set 
an operating point and maintain that point, within limits, 
over the range of temperature and transistor parameters 
to be encountered in service.* This requirement should 
be satisfied without excessive sacrifice of gain or reduc- 
tion in power output. Generally, a bias network is the 
result of a compromise among factors such as power 
output, power gain, distortion, battery size, and cost. A 
good design requires a thorough knowledge of the prob- 
lems involved and good judgment in achieving a com- 
promise. 

The initial determination of an approximate bias 
point is a simple matter. The collector supply voltage 
must be great enough to ensure that the collector voltage 
will be at least a few tenths of a volt greater than the 
voltage of the base at the maximum required swing of 
the collector current. The emitter must be forward-biased 
sufficiently to ensure that the emitter current cannot be 
driven beyond cutoff by the input signal, at least in the 
case of a Class A amplifier. Figure 1 shows two simple 
bias circuits which are satisfactory if the operating 
temperature range is small. 

With a sufficiently wide range of temperature variation, 
however, it will be shown that both circuits become un- 
satisfactory because the bias point can drift enough that 


* See “Semiconductor Electronics,"’ a series of six articles by A. A. Sorensen, 
published in Evectrro-Tecunotocy from October 1960 to March 1961. Available 
in combined reprint form. See p 182 for ordering information. 
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Fig. 3—Transfer characteristics for the same transistor as in 
Fig. 2. 


it will cause clipping. The circuit of Fig. l(a) has 
the additional problem of undergoing a change in operat- 
ing point if a transistor with a different current gain is 
used, because the base current is essentially supplied 
from a constant current source. The circuit of Fig. 1(b) 
has another problem: considerable shunting of the input 
can occur. 

Transistor Temperature Characteristics. If a 
temperature-stable bias point is to be established, it will 
be necessary to know how the pertinent transistor charac- 
teristics vary with temperature. Figure 2 shows the input 
characteristics of a typical small-signal, alloy-junction 
transistor at different ambient temperatures. 
These characteristics were measured with a collector-to- 
base voltage of —1.5 volts, but they are relatively in- 
dependent of low collector voltage as long as it is great 
enough (a few tenths of a volt) to collect the holes which 
diffuse to the collector junction and thus prevent a large 
base current. A large base current would produce a large 
voltage drop across the internal base resistance. A con- 
siderably different, and useless, characteristic 


several 


would 
result if the collector were open, because this would 
produce a base current greater than that occurring in 


oe “© 


Fig. 4—Typical transistor circuit with a bias network com- 
posed of fixed resistors. 
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normal operation. Collector voltage will affect this type 
of characteristic if the collector dissipation is high 
enough to make the junction temperature appreciably 
greater than the ambient temperature. 

An interesting feature of Fig. 2 is that the lines have 
diode-like characteristics separated rather linearly with 
respect to temperature. Lin and Barco (])+ show that, 
at constant current, the variation in emitter-base voltage 
will be about —2.3 millivolts per deg C increase in junc- 
tion temperature. From Fig. 2 it can be seen that, if the 
bias circuit of Fig. 1(b) is used and the bleeder current 
is high enough to hold the emitter-base voltage constant, 
the emitter current and hence the collector current will 
vary considerably with temperature. 

Another important characteristic, which is a function 
of temperature, is the current transfer characteristic 
shown in Fig. 3. The solid lines plot collector current vs 
base current for several ambient temperatures with the 
collector-base voltage held constant at —1.5 volts. A 
dashed line is also shown for a collector-base voltage of 

6 volts at 50 C. The slope of these lines is the common 
emitter current gain, h;,. It can be seen that hy, is a 
function of temperature, current and collector voltage. (2) 
The large difference between the 1.5-volt and 6-volt lines 
is primarily a temperature effect. This results from the 
fact that Fig. 3 is a plot of ambient temperature rather 
than junction temperature, and the increased collector 
dissipation increases the junction temperature. A slight 
true voltage effect would also be expected. 

Three points of particular interest should be noted 
in Fig. 3. First, the point where the base current is zero 
is the point where the collector current is Jggo. At this 
point, Jo, the collector saturation current measured with 
the emitter open, will be amplified by the common- 
emitter current gain of the transistor. Second, the mini- 
mum value of the collector current is /¢s, which is the 
collector saturation current measured with both the 
emitter-base and collector-base junctions reverse biased. 
Third, /,¢ results at the point in Fig. 3 where J, and J; 
are equal, which will be very near the value of Jes. 

Fig. 3 shows that if, at a given temperature, the 
absolute value of collector current is to be less than J¢,o, 
the base current must flow into the base. Base current 
will be required to change its direction of flow if the 
allowable bias range and temperature range are such as 
to require /, to pass through Jo. The only way in which 
/;, can be made to flow into the base is to provide an 
emitter-base voltage which is less than the emitter-base 
voltage at [¢po. This can never be achieved with the cir- 
cuit of Fig. l(a), but it can be acheved with that of 
Fig. 1(b). The latter will still drift considerably with 
temperature, however. An operating point which is more 
stable with respect to temperature requires a source of 
bias voltage which decreases as the temperature increases. 
Depending upon the bias point and temperature, the 
source may be required to be less than the voltage at 
lego and it may even be required to change its polarity. 
Such a bias network can be designed using either tem- 
perature-sensitive or fixed resistors. 

Fixed Resistance Biasing. Figure 4 shows a tran- 
sistor circuit with a bias network composed of fixed 
resistors. As the temperature increases, /, and /, increase 
and change the bias voltage on the emitter-base junction. 
It will be seen that, in the circuit of Fig. 4, the collector 


t Italic numerals in parentheses refer to Cited References at end of article. 
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current cannot be held constant because a change in 
emitter and base currents is required to change the bias 
voltage. It will be shown that values for R, and R, can 
be obtained easily for a given temperature range and an 
allowable collector current range by the use of the input 
and transfer characteristics and a few simple equations. 

Writing the voltage equations around the two loops 
containing R, will show that 


“sae Veo + IpR: _ 
Ves = Ri Rt R TzRr (1) 
Let Eq (1) represent conditions at temperature 7. We 
now write another equation to represent conditions at 
temperature 7”. 

n__ . » Voo+ I'aRs / : 
V'ze = Ri oo ee I’'zRe (2) 
Eliminating R, in Eqs (1) and (2) and solving for R2, 


e Vec((Ves + IeRz) —€V"ae + I'zRx)| 
Ip(V'ex + I'eRe) — I'a(Vew + LeRe) 


Solving Eq (1) for R, yields 


R, (3) 


R, 
“Veo + 1eR. 
‘Ves + eRe 
Using Eqs (3) and (4) and the input and transfer char- 
acteristics, values for R, and R, may be calculated for a 
given temperature variation and a specified allowable 
range of collector current. (A value for Ry, is assumed.) 
This is essentially the procedure employed by Beijers- 
bergen et al. (3) The finally selected value of Rg will 
be a compromise between a value which is not high 
enough to produce an excessive loss of available power 
to the load and a value which is not low enough to 
produce excessive shunting of the input by R, and R:,. 
Reducing Ry will reduce both R, and R,. Unfortunately, 
a choice as to the allowable variation of collector current 
must also be made, and this will influence the choice of Rp. 


R, = (4) 


1 


e Examp.e. Assume a Class A, common-emitter amplifier 
is to be operated from a 3-volt supply. The amplifier is 
to operate in the temperature range from 0 to 50 C, and 
the collector current will be allowed to vary from 0.7 ma to 
1.3 ma over this temperature range. For Class A operation, 
1.5 volts should appear across the collector so that, at an 
average collector current of 1 ma, the sum of R, and R, 
should be 1500 ohms. Of this value, 500 ohms will be sacri- 
ficed for Ry. It is sacrificed in the sense that the voltage 
across R, is not available to the load. The collector resistor 
now will be changed to 1250 ohms to split the remaining 
voltage across the collector resistor and the transistor. From 
Fig. 3, I, varies from 0.719 ma to 1.289 ma in going from 
0 to 50 C, if J, varies from —0.700 ma to —1.300 ma. This 
is obtained by noting that the corresponding values of /, 
are —19 microamp and +11 microamp, and that J, = 
—(I, + I,). Figure 2 shows that in going from I], == 0.719 
ma at 0 C to ], = 1.289 ma at 50 C, Vgp, goes from 0.183 
V to 0.080 V. Substituting these numerical values into Eqs 
(3) and (4) will show that R, = 27.6 K and R, = 7.8 K. 
This example is not to be construed as a generally good 
design. It does only the job specified in this case. 


The concepts employed in arriving at Eqs (3) and 
(4) for the circuit of Fig. 4 may also be used for the 
case where R, is connected from base to collector. A 
relatively simple set of equations will result if the drop 
in the load resistor due to R, and R, is assumed negligible. 
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Effects of Transistor and Resistor Variability. lf 
it is necessary to obtain information about the variation 
of the operating point as a result of variability among 
transistors or resistors, this may be done by noting that 
Eq (1) is a linear equation in V gz and J. Hence, it may 
be plotted as a straight line on the input characteristic 
with a slope of —R, and a V zz intercept of 


R, Vee + Isak: 
Ri + Re 

The operating point at a particular temperature will 
be the intersection of Eq (1) with the input characteristic 
at that temperature. The value of J; is not known when 
using Eq (1) in this manner, hence a trial value of J, 
near the approximately known value of J, must be ob- 
tained. This is done by using Fig. 3 and assuming that 
I; is Ic, which it is for all practical purposes in this case. 
Using this value, Eq (1) may be plotted, yielding a new 
value of J, and hence I,. The second trial of J, will pro- 
duce the operating point very closely. The extreme values 
of the operating point are obtained by using the extreme 
values of the quantities in Eq (1). Variations in the bias 
point caused by variations in the supply voltage are, of 
course, included. Generally, it will be more expeditious 
to use the extreme values of the variables in an experi- 
mental circuit. 

Biasing with a Temperature-Sensitive Resistor. 
Another use of this general procedure is to determine 
the resistances required if a thermistor replaces R;, 
Thermistors have an exponential resistance-temperature 
characteristic as follows: 


R = R, exp B((1/T) — (1/T.)] (5) 
If the resistance of the thermistor is R at temperature 
T and R’ at temperature 7’, let us denote the ratio of 


R to R’ by m. 
R/R' =m (6) 


The quantity m will be a number greater than 1 if T’ 
is greater than 7’, and it may be calculated from Eq (5). 
If R’,; = R,/m is substituted for R, in Eq (2), Eqs (3) 
and (4) may be solved for the proper values of R’, and 
R, for a given value of m. Thus, 
Vec|m(V'es + I'eRe) — (Ven + IeRe)] 
cites — (m — 1K(V'ee + I'eRe)(Vew + TeRe) (7) 
' I’n(Vew + IeRe) — mI p(V'ee + I'eRe) 


and 


R, 
Vec + I'aR, (8) 
V' ep tT I'sRe , 

e Examp te. Assume that the collector current is to be 1 
ma at 0 C and 50 C. A thermistor with an m value of about 
7 for this temperature range will be used. Again, a 3-volt 
supply will be used, but instead of 500 ohms for the emitter 
resistance as in the previous example, only 100 ohms will 
be used. Referring to Fig. 2, Ve, = 0.912 volt at 0 C, 
and 0.072 volt at 50 C for J, = 1 ma. From Fig. 3, the 
corresponding values of /, are —25 microamp and 13 micro- 
amp. Substituting these values into Eqs (7) and (8) with 
primed values denoting the higher temperature will yield: 


R', = 


R, = 71.2K, R’; = 3.24K and R,; = 22.7K 


At temperatures other than 0 C and 50 C, the collector 
current can deviate from 1 ma. In this example, the col- 
lector current is 0.95 ma at 25 C. A slight adjustment of 
R, will balance the variation over the temperature range. 

By using a thermistor, the variation in collector current 






































































nas been reduced and the power available to the load has 
been increased. The input impedance becomes a function of 
temperature, but the direction of change is such that this 
effect might actually be used to temperature-stabilize the 
gain of the amplifier in some cases. A common emitter 
amplifier driven from a high resistance source is such a 
case. (4) 

Sources of Error. It is important to note that the 
input and transfer characteristics of Figs. 2 and 3 em- 
ploy ambient temperature as the running parameter and 
a specific Vy. The examples worked out assumed that 
the amplifier would operate in the environment in which 
Figs. 2 and 3 were determined and that the V-, specified 
on these characteristics was half the amplifier supply 
voltage—i. e., the bias voltage for Class A operation. 
This introduces a slight error because the junction power 
dissipation is less at the operating points of the amplifier 
than at corresponding currents in Figs. 2 and 3. Thus, 
the junction temperature in the amplifier is not the same 
as the junction temperature which existed when Figs. 2 
and 3 were determined. Figures 2 and 3 would be rela- 
tively independent of V-, if junction temperature had 
been used as the running parameter. Two factors tend 
to reduce the collector power dissipation: (1) Rg, has 
reduced the available voltage, (2) at the temperature 
extremes, the operating point has drifted off the center 
point where maximum dissipation would occur. In gen- 
eral, the information most useful to the designer con- 
sists of curves such as Figs. 2 and 3, obtained from a 
transistor mounted as it would be in the proposed appli- 
cation. Ambient temperature would be the running param- 
eter, and V,~, would be near that anticipated at the 
required bias point. Such characteristics are easily ob- 
tained in the laboratory with the aid of a microammeter, 
a millivolt meter, and an environmental chamber. 

Input and transfer characteristics employing junction 
temperature might also be used if they are available. 
Generally, this information is not supplied and is more 
difficult to obtain accurately in the laboratory. If avail- 
able, however, corrections from ambient to junction 
temperature can be made for the exact power dissipation 
at a specified bias point, provided the overall thermal 
resistance is known. This probably only introduces an- 
other unknown. Using characteristics based on ambient 
temperature with the transistor mounted as anticipated 
is the simplest approach. 

Approximations. Approximations to the transfer 
and input characteristics with junction temperature as 
the running parameter can sometimes be constructed from 
the manufacturer’s data or from simple laboratory meas- 
urements. The current transfer characteristic may be ap- 
proximated by assuming that the current gain is constant. 
In this case, it can be shown that 


Ic = hple + Ico (9) 
and 
Ip (1 + hp)Iz — Ico (10) 
Solving Eq (10) for /, and substituting in Eq (9), 
I hyele + Chy. + Ico (11) 
since h “a e. 


In these equations, /,,¢ will be defined as a positive num- 
ber if it flows into the collector and will therefore have 
negative values. The quantity h,;», of course, is a negative 
number, and h;, is positive. Equation (11) is a straight 
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line with slope hy, and Ig intercept (hye + L)Ico. Uf a 
graph of the transfer characteristic at one temperature 
is given, a better approximation to the family of transfer 
characteristics may be obtained by noting from Eq (11) 
that the family of curves associated with different values 
of I¢o (temperature) are separated at constant collector 
current by approximately /¢o. Hence, points on a transfer 
characteristic given for one temperature may be trans- 
ferred to another temperature by moving the point along 
the /,, axis an amount equal to the change in Igo. Usually 
Ivo is given at 25 C and it may be determined at other 
temperatures knowing that it approximately doubles 
every 10-deg rise in temperature. 

Frequently the input characteristic at 25 C is also 
given. In this case, the input characteristic at other 
temperatures may be approximated by using the fact that 
the emitter-base voltage at constant emitter current 
changes approximately —2.3 millivolts per deg C. If an 
input characteristic is not given, it may be represented 
by Eqs (12) and (12a) when the collector junction is 
reverse biased. These equations incorporate the internal 
base lead resistance as included by Giacoletto. (5) 


Ig = Test Ize exp (q/kT)(Vew — Tarps’) (12) 


Vas = des (* = vf) % [a + hp)lz + loo | rep’ (12a) 
q Ter 


The base lead resistance may be measured by observing 
the changes in emitter-base voltage and base current 
when the collector is changed from reverse bias to open 
circuit with constant emitter current. [ps is the emitter 
saturation current measured with both the emitter and 
collector junctions reverse biased. Jp, is the emitter cur- 
rent coefficient and may be determined from measure- 
ments of /, and V;, with the base open. Both Js and 
ley will have a temperature dependency of the form of 
Eq (13) as discussed by Lin and Barco. (J) 


I = I, exp [(e¢/kT.?) + (5/2T,) AT (13) 


In Eq (13), €g is the energy gap of the material (0.72 
electron volts for germanium), k is Boltzmann’s constant, 
and T is temperature in degrees Kelvin. For germanium 
at room temperature, the coefficient of AT is approxi- 
mately 0.1 per deg K. Equation (13) can be substituted 
into Eq (12a) to yield the temperature-dependent input 
characteristics under the assumptions that A,;, and rg,’ 
are constant and that the intrinsic emitter junction cur- 
rent and voltage are related by the exponential form 
specified. While none of these conditions is exactly 
satisfied, the approximation can be useful. OOO 
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THE PROPERTIES of materials and their ultimate function 
in the design of a component or system are dependent on 
the processing to which they are subjected. This is particu- 
larly true for metals, where any one of a number of process- 
ing variables may change the materials’ characteristics. 
Some of these problems, in their relation to design engi- 
neering, have already been treated in these pages, while 
others will be explained in future issues. At this time, the 
problems of joining aluminum to itself and other materials 
will be discussed within the parameters of good design and 
choice of materials. 


The Joining Function 


Aluminum may be easily fabricated into finished assem- 
blies by a variety of joining methods. These include, among 
many others, welding, riveting, bolting, clinching, soldering, 
brazing and resin bonding. For joining large pieces, welding 
is most satisfactory since heat is applied locally. Since weld- 
ing yields greater structural bond strength than other meth- 


Glossary of Soldering Terms 


@ Soldering—A way of metallurgically joining similar 
metals to each other or to other metals by means of 
melting and freezing a metallic medium (a dissimilar 
metal or alloy) having a melting point much below that 
of the metals or alloys being joined. 


@ Solder—The low-melting temperature joining medi- 
um or filler metal. 


@ Wetting—On heating the solder to its melting point, 
it adheres to the solid base (wets) producing a thin, 
uniform coating of solder, 
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e Flux—A chemical material used in most soldering 
methods to facilitate intimate (molecular or atomic) 
contact between molten solder and base metal. It may 
be liquid, solid or gaseous material which, when heated, 
is capable of promoting or accelerating the wetting of 
metals by solder. It acts to break up and remove 
oxide film from the base metal and solder, to prevent 
reoxidation of the surface, especially when heated, and 
to lower the surface tension of the molten solder for 
the promotion of flow. 


e Flow—The degree of spreading of solder over the 
parts to be joined. 





Table | — Basic Joining Methods for Aluminum 

Filler metal 
Melt temp 
of filler vs 


Joining Melting of 
base metal 


process base metal 


Composition 


Zn, Sn | much 
or Pb base 


Al base 


Soldering | not 
| significant 
Brazing not 
significant 
melts 


lower 
slightly 
lower 
| about 


| the same 


Welding Al base 


ods, it is most desirable where high stresses are present. 
Brazing may also be used here, resulting in neater and more 
economical joints with strengths comparable to those result- 
ing from welding techniques. For small- and medium-sized 
assemblies. where high stresses are not present, soldering is 
an acceptable and economical means for joining of parts. 
(See Table I for definitions of joining methods.) Since elec- 
trical design is most concerned with these latter assemblies, 
the case for soldering will be developed. 


Fundamentals in Design 


Soldering is useful in joining aluminum to itself or to 
other metals where the major requirements are sealing and 
solidifying the assembly, where a low-cost metal-to-metal 
bond is desired (electrical and thermal connections, low- 
temperature pressure-tight seals), where single and mass- 
produced joints of small parts involving thin-to-thin or 
thin-to-heavy gage metal are needed, where resistance to 
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corrosion 1s not a factor, and where maximum strength of 
certain base materials should be retained. Soldering can be 
used for joining tube, sheet, extruded shapes, or any of the 
commercial forms of a number of wrought aluminum alloys 
and for certain casting alloys. 

Commercial forms of a great many aluminum alloys can be 
soldered. Effective soldering is contingent on removal of the 
tenacious and refractory oxide film. Therefore, more active 
fluxes are required than are usually employed for most 
common metals. With current advances in fluxes, solders and 
techniques, aluminum may be soldered by most of the com- 
mon soldering methods or by several techniques more suit- 
able to aluminum than to other metals. 

The ease of soldering aluminum is dependent on a num- 
ber of factors. Wrought material can be soldered more 
readily than cast aluminum products, due to inherent sur- 
face conditions that influence oxide removal. Ease of solder- 
ing is related to metallurgical and chemical factors such as 
base-alloy composition, temper of the metal, flux composi- 
tion and solder composition. Mechanical factors influencing 
solderability are the shape of the parts being soldered and 
the design of the joint. 


General Materials Considerations 


Solders for aluminum can be grouped according to their 
melting-temperature range into low-temperature, intermedi- 
ate-temperature and high-temperature materials. Melting 
temperature is a function of composition. 

Low-temperature solders melt and flow at temperatures 
below 500 F and are composed principally of tin or lead, 
with zinc, cadmium or bismuth present. Soft solders are 
included in this category. Intermediate-temperature solders 
melt and flow between 500 and 720 F, are similar in com- 
position, but contain appreciably more zinc. High;tempera- 
ture solders melt and flow between 720 and 800 F. They are 
composed primarily of zinc, with small amounts of high 
melting metals. Most of the hard solders are included in this 
last category. 

Commercial silver solders are not considered feasible for 
the joining of aluminum. Zinc solders are usually most ad- 
vantageous, being the strongest, cheapest and most corrosion 
resistant of the solders used with aluminum. 


Soldering Materials 


The general classification of aluminum solders by melt- 
ing ranges is a function of composition. Table II lists com- 
position and characteristics of representative low, inter- 
mediate and high-temperature solders for aluminum. 

The melting temperature range of a solder is determined 
by the particular metallic elements present and the amount 
of each present. Each element is characterized by a specific 
melting point. Thus, each pure metal has one temperature 
at which it transforms abruptly and completely from the 
solid to the liquid state. For instance, tin has a melting 
point of 449 F, lead 621 F, and zinc 787 F. Metals in com- 
bination, being no longer pure metals, lose their individual, 
characteristic melting points through the influence of one 
metal on another, while each contributes specific charac- 
teristics to the combination known as an alloy. 

An alloy may be completely solid at one temperature, 
completely liquid at a higher temperature, and composed 
of both liquid and solid in the intervening region (the melt- 
ing, plastic or pasty range). The solder alloy containing 50 
per cent tin and 50 per cent lead is solid up to 361 F and 
liquid at 421 F, having a melting range of 60 F. Increasing 
the lower-melting metal, tin, to 70 per cent and decreasing 
the lead to 30 per cent lowers the liquid point to 378 F, 
making the melting range 17 F. 

There are specific alloy compositions, known as eutectic 
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alloys, that melt at one temperature, as do pure metals, and 
not over a range, as do most alloys. The solder alloys con- 
taining 91 per cent tin-9 per cent zinc and 95 per cent zinc- 
5 per cent aluminum are eutectic alloys. It should be noted 
that the melting point of a pure eutectic alloy is lower than 
the melting point of either of the individual metals. 

Solders for aluminum, although classified mainly by their 
melting characteristics, must have certain other properties 
for proper functioning. Solder, when molten, must wet the 
base metal and flow. The latter is necessary to fill interstices 
of a joint, though this in itself does not accomplish the 
joining effect. Only when wetting occurs is soldering ac- 
complished. 

Effective wetting involves interaction between certain atoms 
of the solder and of the base metal. Good wetting is usually 
associated with slight intermetallic reaction (alloying) at 
the interface between molten solder and base metal. 

Low-temperature solders are generally Sn-Zn solders, in 
which Sn is present in the larger amount. Tin wets aluminum 
readily and has good flow properties on aluminum. A good 
low-temperature solder is the Sn-Zn eutectic alloy, 91 per 
cent Sn-9 per cent Zn. This solder melts at about 400 F, 
wets aluminum readily, flows easily and has good resistance 
to corrosion on aluminum. Because of its high Sn content, 
however, it is expensive. 
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To reduce the cost of this and of other high-tin solders, 
lead is frequently substituted for some of the tin. Unfor- 
tunately, lead decreases solder wetting and flow, and also 
reduces resistance to corrosion of the resultant joints. The 
ordinary Sn-Pb solders used for soldering copper, brass 
and steel are among the poorest for soldering aluminum. 
The addition of even a few per cent of zinc or cadmium 
to such solders improves both their soldering characteristics 
and resistance to corrosion. In general, aluminum assem- 
blies made with low-temperature solders have poor resistance 
to corrosion and should not be used in corrosive environ- 
ments unless some protection is applied to the soldered joints. 

Intermediate-temperature solders are usually either zinc- 
tin or zine-cadmium alloys containing about 30 to 90 per 
cent zinc. They may also contain other metals such as lead, 
bismuth, silver, nickel, copper or aluminum. Among the 
more common of these solders are the 70 tin-30 zinc, 70 
zinc-30 tin and 60 zinc-40 cadmium solders. Because of their 
higher zinc content, these intermediate-temperature solders 
generally wet aluminum more readily, form larger fillets, 
and give stronger and more corrosion-resistant joints than 
the low-temperature solders. 

The high-temperature solders contain from 90 to 100 
per cent zinc, with small amounts of high-melting-tempera- 
ture metals such as silver, aluminum, copper or nickel. These 
additions are made to lower the soldering temperature, to 
obtain a wider melting range, and to improve the wetting 
of the aluminum by the zinc. Though zine alloys with and 
dissolves aluminum quite readily, pure zinc tends to ball up 
before it wets aluminum, and is therefore not as satisfactory 
a solder as those containing small additions of high-melting- 
temperature metals. Because of their very high zinc content, 
the high-temperature solders are the strongest and cheapest 
of all solders for aluminum. They also have the best corro- 
sion-resistance characteristics. To assure the highest resist- 
ance to corrosion, the high-temperature solders should be 
free of lead, tin, cadmium, bismuth and other low-melting- 
temperature metals. This necessitates the use of 99.99 per 
cent zinc in their preparation. 

Solder may be supplied to a joint by pre-placing in the 
form of wire or shims, by hand feeding wire, by rubbing 
from a stick, by pouring or wiping on molten solder, or by 
dipping in a bath of molten solder. Pre-coated (“tinned”) 
parts can also be used. 

Operating temperatures for solders must be above the 
solid temperature to achieve flow, but may, however, be 
below the liquid when wetting occurs in the pasty range. 
Increasing temperature increases wetting and flow. The 
actual temperature employed for a given solder will be in- 
fluenced by the method employed in heating and applying 
the solder. Wipe and rub-soldering may be accomplished in 
the pasty range, commonly near the liquid point, to obtain 
adequate flow. The width of the pasty range has a direct 
influence on the soldering temperature and on the speed 
and method by which soldering can be carried out. For 
rapid soldering, an alloy that has a narrow pasty range 
(melts and resolidifies quickly) has an advantage over an 
alloy with a wide pasty range. With certain solder-base 
alloy combinations, to get practical speed and a good joint, 
it is common practice to solder at a temperature 100-150 F 
above the actual liquid point of the solder alloy used. 

When wetting involves alloying, it is usually advantageous 
to control thermal conditions to minimize the depth of pene- 
tration. Slight alloying, restricted to the solder-base metal 
interface, is desirable. An ideal solder reaction consists of 
thin, uniform alloying of solder with the base metal along 
the interface and virtually parallel to it. The build-up of a 
layer of perceptible thickness is usually undesirable. Inter- 
metallic compounds, when present in appreciable amounts, 
may impart unwanted properties to the joint. 

Some intermetallic compounds form more rapidly than 
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Table Il — Representative Solders for Aluminum 


Melting range, Nominal composition, 


Type deg F per cent 
(temper- |— —_— | ——-, —_, ___——_ | Density, 


————|— 
ature) Solid paaeee Sn ca | Al | lb/cu in. 
nein a ii Ricninnieilemant Deaths 


Low 361 | 
Low | 390 | 91 | | 0.26 


—|-—— 


| 421 | 50 —| | 0.32 


Inter- 
mediate | 390 | 70 - mt 26 
Inter- | 
mediate | 390 - - 26 
Inter- 
mediate | 509 . -| 28 
Inter- | 
mediate | 509 .26 
3 


High ae — | 24 








High -| 0.26 








others, and some are more detrimental than others. Exces- 
sive alloying has the adverse effect of causing brittleness 
and decreased strength and corrosion resistance. To attain 
beneficial results and avoid adverse conditions, soldering 
should be accomplished as quickly as possible and at the 
lowest possible temperature. 

Cold Solders. Cold solders are not true solders, but are 
basically adhesives that are applied with little or no heat. 
These compounds frequently are resinous, containing an 
appreciable amount of aluminum in the form of flaked 
powder that provides a metallic appearance. They have a 
place in the technology of joining (most frequently in re- 
pair work) but do not replace true solders. 


Soldering Fluxes 


The primary functions of a soldering flux are to break 
up and remove oxide film from the metal surfaces, to pro- 
tect the fresh metal surfaces from reoxidation, and to lower 
the surface tension of the molten solder, thus facilitating 
wetting and capillary flow. The flux must be able to react 
with, dissolve or remove oxide. It should be capable of 
being readily displaced from the solid metal by the liquid 
solder; it should be fluid and react at a temperature below 
the liquid point of the solder. 

Some flux compositions are liquids, while others are 
powders. They are usually mixed with water or organic 
solvents to obtain the consistency most suitable for appli- 
cation on a particular assembly. Fluxes for aluminum are 
of two general types: chloride-free organic fluxes (chemical 
fluxes) and chloride-containing inorganic salt fluxes (reac- 
tion fluxes). Properties of these fluxes are given in Table III 
(see next page). 

The chemical fluxes usually contain an organic substance, 
such as triethanolamine, acting as a vehicle for fluorine com- 
pounds, which are the active fluxing agents. These liquid 
fluxes are active when heated in the range of 350 to 500 
or 525 F. Above 525 F, the organic fluxes tend to carbonize 
and char, giving rise to the possibility of voids associated 
with inclusion of charred residue and leaving a film of 
residue that acts as a stop-off to prevent soldering. For this 
reason, they should not be used in direct contact with 
soldering irons or torch flames. In some applications, the 
maximum temperature can be raised to 620 F if soldering 
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Table tll — Characteristics of Typical Soldering 
Fluxes for Aluminum 


Flux 
characteristic 


Chloride-free 
organic flux* 


Chloride-containing 
salt fluxes 


Typical com- 83°, triethanol- 88% SnCl. | 88% ZnCl 
| 


position 


amine | 10% NH,Cl| 10% NH,Cl 

10% fluoboric 2% NaF 2° NaF 
one 

o Cd (BF,)» 

vineoms liquid 


Alcohol, water 


Form 
Solvents 


Powder 
Alcohol 


Powder 
Alcohol, 
water 
630 F up 
Copious 


Fluxing range 
Fume generation 
Heavy-metal 

deposition 
Corrosiveness 

of flux 

of residues 
Electrical cond. 

of flux 

of residues 
Handling pre- 

cautions 


350-525 F 
Copious 


720 F up 
Copious 


Slight Heavy Heavy 
Severe 


Severe 


Severe 
Severe 


Very slight 
None 


Moderate | High 

Low High 

Avoid exposure | Avoid ex- 
to skin; exhaust 
fumes 


High 
High 
Avoid ex- 
posure to 
skin; ex- 
haust 
fumes 


posure to 
skin; ex- 
| haust 
fumes 





* U.S. Patent 2,238,068 owned by Aluminum Company of America covers this flux 


can be accomplished in a short time. At temperatures above 
620 F, the rate of decomposition is so rapid that it is usually 
impracticable to use this type of flux. 

The organic fluxes. when heated, react with the oxide 
and remove it from the aluminum. At the same time, copious 
fumes are released which must be exhausted. Also, during 
this reaction, gas bubbles form in the flux. Because of the 


formation of these gas bubbles, it is very dithicult to 
make porosity-free lap joints using these fluxes. This often 
limits their use to soldering line-contact and similar joints 
where the flux can be easily displaced by the solder. The 
organic fluxes, which are essentially non-corrosive, are suit- 
able for general use with low-temperature solders having 
good flow characteristics below about 525 F. These fluxes 
are electrically conductive. They are relatively expensive, 
but can be diluted up to 50 per cent with alcohol or water. 

Inorganic salt fluxes are usually mixtures of chlorides 
and fluorides. Salt fluxes based on heavy-metal chlorides are 
available for soldering at any temperature. These fluxes 
penetrate the oxide and react with aluminum. Each flux 
reacts at a definite temperature. depending on the flux com- 
range of about 500-720 F. 
reduced 


position, but usually within the 
At the reaction temperature, the metal chloride is 
by the aluminum to form the corresponding heavy metal 
and gaseous aluminum chloride. The aluminum chloride 
forms rapidly with considerable agitation, effectively break- 
ing up and removing the oxide film. Concurrently, the heavy 
metal is deposited on, and alloys with, the fresh aluminum 
surface. The film of molten heavy metal is not only a barrier 
to reoxidation of aluminum. but also contributes properties 
favorable to wetting and flow of solder. 

These salt fluxes may be used either 
or, after mixing with water or an organic 
paste, slurry or suspension. They can be applied by dipping, 
brushing, spraying, or other convenient methods. Some of 


as a dry powder 
solvent, as a 


these fluxes cannot be used as water solutions or suspensions 
because the heavy-metal chlorides in them react with the 
water to form oxychlorides, which act as stop-offs to prevent 
soldering. Most of these fluxes and their residues are hygro- 
scopic and electrically conductive. 

Organic and inorganic fluxes are selectively effective on 
different aluminum alloys. The effectiveness of inorganic 
salt fluxes is reduced appreciably by silicon in aluminum 
alloys, as are organic fluxes to a lesser extent. Furthermore, 
the effectiveness of organic fluxes is reduced considerably 
when magnesium is present. In fact, aluminum alloys con- 
taining more than about 1 per cent magnesium cannot be 
satisfactorily soldered using organic fluxes. Such alloys can 
be easily soldered using chloride fluxes. 


Design Considerations._.. 


This is 
as true for soldered joints as it is for brazed, welded, riveted 
or other joints. The designer must know what is wanted in 
the finished product. Is the soldered joint to carry a load, 
or is it primarily to seal parts into a connected unit for 
some other purpose, such as conducting heat or electricity? 
The application of the assembly. 


A good soldered joint starts with good design. 


its intended function and 
performance requirements are basic information that must 
be considered along with economics. Design, materials and 
fabrication are interrelated and sometimes inseparable. The 
design must permit the soldering operation to be carried out 
with reasonable facility while permitting the resultant assem- 
bly to provide the desired characteristics for operation. 

\ fundamental consideration in designing soldered joints 
in aluminum is the strength of the base metal in comparison 
to that of the solder. Most solders are inherently weak com- 
pared with the structural metal. There are low-strength and 
high-strength solders. A high-strength zinc 
solder may develop 100 per cent joint efficiency in properly 
designed lap joints with 1100-0 aluminum. The possibility 
of such efficiency is limited to a relatively few combina- 
tions of solder, base alloy and temper, and joint design. 
The characteristic low strength of solders dictates that, where 
strength is a requirement, the joint design should avoid 
dependence upon strength of the solder but rather make use 


comparatively 
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of formed structural parts, engaged or interlocking, with the 
solder functioning to seal and stifien the mechanical joint. 

Characteristics desired of a soldered joint, in addition 
to strength and electrical conductivity, may include pressure 
tightness, as in air conditioners, and resistance to corrosion. 
Whereas these properties may usually be of concern at 
temperatures in the range of room temperature, performance 
may be required either at elevated or at low temperatures, 
or over a considerable range. In such cases, where there is 
expansion and contraction of the aluminum parts, the solder 
and any other dissimilar materials must be considered in 
the design of the assembly. The joint should not be in a 
stressed area, and should be accessible for flux removal and 
for application of protective coatings where desired to mini- 
mize corrosive attack. 

Economics enters into designing soldered joints. Soldering 
is a relatively low-cost method of joining, partly because 
can be designed into soldered joints. A joint that 
easy-to-solder materials, is 


simplicity 
is easy to fabricate, that uses 
readily available, uses inexpensive heating or soldering 
equipment, and that requires little (if any) cleaning or fin- 
ishing also needs a minimum of engineering time, facilities 
and labor. Joint design may differ for different methods of 
soldering. The designer must keep in mind the requirements 
of the specific joining process in soldering aluminum. The 
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similarity between soldering and brazing is such that, in 
many cases, the same requirements apply to both processes. 

Specific considerations for a given application include 
selection of materials, soldering process, type of joint, shape 
and position of parts. For instance, soldering sheet may be 
used for many applications where furnace soldering is 
feasible. Soldering sheet yields maximum benefits to the 
designer who considers it initially in his planning. The de- 
signer using soldering sheet is free to place joints in loca- 
tions that would be impossible otherwise. This material 
solves problems by eliminating the need to supply separate 
filler metal to essentially inaccessible locations. 

Selection of aluminum alloy and temper for a soldered 
assembly may be primarily a matter of either electrical or 
thermal conductivity, resistance to corrosion, strength, forma- 
bility, solderability, cost or a combination of various factors. 
No individual alloy-temper material would be expected to 
provide the ultimate in every category. The designer can 
determine the material best suited for a given assembly by 
evaluating the listed characteristics with respect to the re- 
quirements of the specific application and the means of 
fabricating the assembly. 

Frequently, selection of structural alloy, temper and 
solder is based on providing adequate strength to an assem- 
bly. Intelligent design recognizes that the initial strength 
of the structural metal in the temper selected is not always 
available throughout the assembly after soldering. Heat 
from the soldering process affects the temper. Only annealed 
metal can be expected to maintain its initial strength after 
soldering. 

Some alloys and tempers are more sensitive to heat effects 
than others. Strength, if affected, is always lowered. Cold- 
worked tempers (-H1) with a great amount of strain hard- 
ening, such as -H18 and -H19, show a considerable loss 
in strength when heated. Heat counteracts the cold work or 
strain hardening that contributed the strength initially. The 
greater the amount of cold work, the higher will be the 
strength for a given alloy and hence the greater may be 
the loss in strength from heat of soldering. This situation 
makes it obvious that cold-worked tempers above the -H12 
level are not usually considered suitable for a soldered 
assembly. 

The selection of a soldering process for a particular as- 
sembly may be influenced by the solderability of the ma- 
terial used. An easy-to-solder material is adaptable to 
mechanized torch, flame or radiant-heat soldering where 
volume warrants the set-up and the joint area can be ap- 
propriately exposed to the heat source. Furnace soldering 
is useful for intricate assemblies, especially where long 
lengths or multiple joints can be soldered simultaneously 
using either solder sheet or preplaced solder. Hot-plate 
soldering also is applicable where solder can be preplaced. 
Alloys that are difficult to solder may require a pretinning 
treatment, which is a manual operation. When considering 
various soldering processes, it is well to keep in mind that 
thermal effects are different for heating a local area and 
heating the entire assembly. 

Choice of solder alloy is one means of limiting the tem- 
perature required to make a soldered joint. The minimum 
temperature is a function of the liquidus temperature of the 
solder. Low-temperature solders melt and flow at about 
400-500 F, while high-temperature solders may require 
temperatures up to about 800 F. 

Solder composition affects strength and resistance to cor- 
rosion of the soldered joint on the basis of inherent charac- 
teristics of the solder itself and its behavior in relation to 
the base metal. Low-temperature soldered aluminum joints 
have low strength and inferior resistance to corrosion, while 
high-temperature solders provide higher strength and better 
resistance to corrosion. When low-temperature solders are 
used, the heat required will have less effect on the temper 
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of the base metal. Use of high-temperature solders, on the 
other hand, may have considerable effect on the strength 
of the base metal. 

Type of joints employed for soldering may be classed 
simply as butt or lap joints. In either case, the strength of 
the joint is closely related to the area intimately contacted 
by the solder. But joints may be Tee, L (corner) or line- 
contact, as with tube and sheet. Solder forms a fillet be- 
tween the parts in these butt joints. A square butt joint is 
seldom satisfactory for soldering since little contact area 
is available, whereas a flanged butt joint is satisfactory 
because a fillet-forming area is provided. Lap joints may be 
flat with a single overlap; contoured as in crimped, knurled 
or lock seam; or tube and socket. Contoured and lock seams 
are stronger than flat, single-overlap seams. In lap joints, 
solder fills the space between the parts. 


Design of Soldered Assemblies to Form 
Fillet Joints 


Soldered flat, simple lap joints have been made to develop 
strength equal to that of the parent metal. However, suc- 
cessful use of soldered lap joints requires careful design 
and close control during soldering to achieve complete filler 
distribution. Fillet joints, on the other hand, are rather easy 
therefore, joints depending primarily on fillets 
are often favored for soldering aluminum. 


to solder: 


Joint clearance is vital in making satisfactory lap joints. 
Clearance is governed by the fact that capillary action is 
an important factor in drawing filler material into place. 
Consequently, the pre-soldered fit must be carefully con- 
trolled to provide good flow. Insufficient clearance impedes 
solder penetration and dry joints may result at some points. 
Adequate clearance allows the flux and solder to be drawn 
by capillary force into the space between the parts as the 
solder wets the aluminum surfaces. Excessive clearance will 
allow the single body of solder to divide into two streams 
that flow along the surface of the parts, coating them indi- 
vidually but not bonding them together into a unit. Clear- 
ances of 0.005-0.015 in. are suitable when chemical fluxes 
are used and 0.002-0.010 in. with reaction fluxes. These 
clearances apply for laps less than 14 in. long, but larger 
clearances, up to 0.025 in., may be required to permit the 
solder to flow into the entire areas of joints with longer laps. 
It is advisable, however, to determine the best clearance by 
test for the particular soldering method, materials and 
design. Each base alloy, solder and flux has distinctive char- 
acteristics that can affect wetting, capillarity and flow. 

Lap length for a flat, single overlap should be about 2 « 
the thickness of the thinnest aluminum member, to provide 
ample contact area for an efficient seal, thereby attaining 
satisfactory strength. The design of lap joints must be such 
that the gases produced by the flux can escape. Otherwise, 
the joint will be porous and contain entrapped flux, lowering 
strength and inviting corrosive attack. Flux and gas en- 
trappment can be avoided by knurling or otherwise roughen- 
ing the surfaces to be bonded. Alternatively, a wire filler or 
some similar roughened shape of filler alloy will allow the 
gas to escape from the joint before the filler alloy melts and 
collapses. 

Socketed tube joints for zinc soldering should be designed 
to give 0.020 in. total clearance of the socket over the tube 
member. This clearance assures good penetration of the 
solder and permits flux to escape, giving a porosity-free 
joint. This clearance also allows for ovality of the tube and 
aids in taking up the tolerances on the center-to-center 
spaces of sockets and tubes. 

Design for any type of joint must permit solder to be 
properly introduced into the joint. When solder is hand-fed, 
the joint must be accessible for the operator to guide the 
solder where it is needed. When solder is pre-placed, the 
joint must allow the solder to be located and prevented from 
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moving in the solid state either before or during the solder- 
ing operation. Gravity will often be sufficient to maintain the 
tiller metal position in furnace soldering, but a more positive 
means of prepositioning may sometimes be required. The 
best way to accomplish this is by designing for self-jigging 
so that the work pieces will hold the filler metal tightly in 
place. In some instances, it may be advantageous to tack- 
weld the filler metal to the work piece before soldering. 

Jigging has its place in making soldered joints when 
numerous joints can be made simultaneously, as in dip 
soldering and furnace soldering. The various parts must be 
held in alignment by proper clamping fixtures and sup- 
ported until the solder solidifies completely and supports 
the assembly. Designing a jigged assembly requires that 
the fixtures be adequate to maintain proper alignment and 
give adequate support to prevent sagging before, during and 
after soldering. The designer must remember that the jigged 
assembly in any event has to be moved without distortion 
both before heating and while the solder is molten. Means 
must be provided for attaining the desired contour or toler- 
ance in the completed assembly. 

In designing for soldered joints, it must be remembered 
that flux must find its way out. Entrapped flux is a potential 
corrosion hazard. The main causes of flux entrappment are 


incorrect clearance between work pieces 

blind joints 

a joint that is too long 

filler metal coming in from both ends of a joint 
a heating period that is too short 

insufficient filler metal 

incorrect flux for filler metal. 


Although the clearance in a soldered joint must be small 
enough to allow capillary action to draw filler metal in, a 
clearance that is too small will draw flux in while impeding 
filler-metal flow. A porous structure that traps flux within 
the joint may form under these conditions. 

Soldered joints should be open enough to allow flux to be 
forced out. As soldering alloy is drawn in by capillary ac- 
tion, it pushes the flux ahead of it. When clean filler metal 
reaches the other end of the joint, the joint is complete. 





Performance of a soldered joint is best evaluated on the 
basis of the requirements for the specific application. The 
joint characteristics usually of concern for soldered alumi- 
num assemblies are strength, electrical conductivity, thermal 
conductivity, pressure tightness and resistance to corrosion. 


Mechanical Characteristics 


Mechanical performance of a soldered joint depends 
mainly on the joint design and partly on the composition 
of the solder. Other factors that may have a significant 
influence are the soldering process, the composition and 
temper of the structural parts, the amount and distribution 
of solder in the joint, operating temperature of the soldered 
assembly, and the exposure environment. 

Design of soldered joints may be separated into two 
categories based on source of strength; i.e., (1) metallurgical 
and (2) mechanical. Metallurgical joints depend on the 
strength of the solder and its metallurgical bond with the 
base metal for joint strength. Simple lap and fillet joints 
are metallurgical joints. Mechanical joints make use of 
engaged or interlocking parts, with the solder sealing and 
stiffening the assembly, and avoid sole dependence upon the 
solder for strength. A flat lock seam is typical of a mechan- 
ical joint. 
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Performance of Soldered Joints 


Capillary action may not draw filler metal all the way into 
a joint if it is too long. The best insurance is preliminary 
testing to determine whether filler has completely penetrated 
the joint and formed a good fillet at the other end. 

If filler metal flows from both ends of the joint, flux is 
pushed from both ends to the center. This leaves the flux 
no path of escape. It is, therefore, essential that filler flow 
be in one direction only. 

Actually, flux will not cause corrosion unless it is exposea 
to moisture. Consequently, if a joint is well sealed by good 
fillets, the possibility of corrosion is practically eliminated. 
This fact, however, should not be used to justify poor design 
or poor technique. Strength depends on the filler’s complete 
distribution throughout the joint. Furthermore, if flux is 
trapped, there is never complete assurance that it will always 
remain completely sealed in. 

Closed containers should be vented during soldering. 
Vessels such as tanks and boxes will usually be furnace- 
soldered. The large amount of flux that would have to be 
poured out after dip soldering usually makes the dip process 
uneconomical for such applications. 

Furnace soldering produces hydrogen gas from the flux 
reaction. Pressures created by the formation of this gas and 
its spontaneous combustion can deform or unnecessarily 
strain the assembly if too much is allowed to accumulate. 
Venting must be assisted if the assembly tends to trap gas 
in pockets. However, the amount of gas evolved can be 
minimized and controlled by drying the flux before soldering 
and by mixing the flux with alcohol instead of water. 

Design has a significant effect on resistance to corrosion 
of soldered joints. The best joints are not readily penetrated 
or pried apart by corrosion products. It is desirable, in an 
assembly, (1) to locate a soldered joint in an area least 
exposed to corrosive attack, and (2) to take advantage of 
self-limiting corrosion since corrosion products blanket the 
joint, preventing further and excessive attack. 

Soldered joints that are to be protected by a coating must 
have a contour suitable for such an application, whether 
it be dipped, poured, sprayed, wiped or wrapped. Good de- 
sign is cognizant of the interrelation between design, mate- 
rials and fabrication. The design must be compatible with 
the materials and procedures that assure the best assembly 
to meet the requirements of the application. 





Lap length, or area of overlap, controls strength of a lap 
joint with given materials. A joint with a lap length equal 
to two times the thickness of the thinnest member usually 
develops a strength equal to the strength of the thinnest 
member. Strength of a fillet joint depends not only on con- 
tact area between solder and individual parts, but also on 
thickness of solder at the fillet depth of solder in the throat. 

Mechanical joints depend strongly upon the mechanical 
support of the engaged, formed parts to carry the load. The 
configuration may vary from a simple crimping of one part 
to a more intricate design, with both parts formed and 
intimately engaged, as in a locked seam. 

Solder composition affects mechanical performance of 
soldered joints directly through the strength of the solder 
itself and indirectly through heat effects on the temper 
(strength) of the base metal. In general, highest joint 
strengths are obtained with zinc solders and the lowest with 
soft solders. It is well to keep in mind that the heat required 
to melt and flow zinc solders may soften (lower the strength 
of) all but annealed base metal. Thus, the strength of the 
zinc-soldered assembly may depend upon either the strength 
of the solder or of the heat-affected base metal, whichever 
is lower. Soft-soldered joints depend primarily upon the 
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strength of the solder, since the low temperature employed 
in soldering does not usually drastically lower the strength 
of the base metal. 

The solder process affects mechanical performance of a 
soldered assembly through the heat effects on the base metal. 
Locally applied heat, as in torch-flame soldering, affects 
(lowers) strength of the base metal in the area adjacent 
to the joint, while general heating, as in furnace and dip 
soldering, affects strength of the base metal in the entire 
assembly. Local heating may result in three levels of 
strength associated with the following areas in the assembly: 
the joint itself; the heat-affected base metal; and unaffected 
base metal. With general heating, the strength differential 
is limited to the two areas: the joint itself and the heat- 
affected base metal. 

The composition and temper or metallurgical condition of 
the structural parts play a role in the performance of a 
soldered assembly. Relatively pure aluminum and dilute 
alloys such as 1100 and 3003 in the -0 temper provide 
consistently dependable strengths for a wide range of condi- 
tions. In essence, these materials are relatively insensitive 
to many soldering conditions that can influence mechanical 
performance. 

Aluminum-to-aluminum joints are generally superior in 
strength and ductility to aluminum-dissimilar metal joints. 
All-aluminum, zinc-soldered joints are very ductile, while 
joints between aluminum and copper or copper alloys (and 
some other metals) have limited ductility and stripping 
strength and poor resistance to impact. The cause of this 
behavior is the brittle intermetallic phase that forms between 
these metals and solders containing zinc or cadmium. Since 
formation of this interfacial layer is more rapid at elevated 
temperatures, the effect becomes progressively worse as the 
temperature of soldering is increased or the operating tem- 
perature of the assembly is increased. 

Operating temperature influences the strength of soldered 
joints to a greater degree than it does in either brazed or 
welded joints. The critical factor associated with elevated- 
temperature use of soldered joints is the low strength of the 
lower-melting filler materials. Soft-soldered aluminum joints 
usually can be expected to operate satisfactorily at 150 F or 
even up to 180 F. Zinc-soldered aluminum joints have been 
satisfactory at 212 F and can possibly withstand a tempera- 
ture even up to 350 F for brief periods. 

High electrical and thermal conductivity are usually ob- 
tained with soldered aluminum joints. Zinc or tin-soldered 
joints, in particular, show relatively low electrical resistance. 
Performance is especially favorable in joints having ample 
contact areas to carry the current or transfer the thermal 
energy. 


Corrosion Resistance 


The use of soldering as a method for joining aluminum 
depends largely upon the performance of the resultant joints. 
Of the performance characteristics, resistance to corrosion 
is of considerable importance. The resistance to corrosion 
of soldered joints in aluminum varies greatly, depending 
upon solder composition, joint design, protective coatings, 
and the environment to which the soldered joints are ex- 
posed. Sound soldered joints that are adequately protected 
can be expected to give many years of satisfactory service 
in most environments. The greatest single factor affecting a 
soldered joint’s resistance to corrosion is the exposure 
environment. 

Corrosion of soldered joints in aluminum requires the 
presence of moisture and may take place even when flux has 
been completely removed. The joints corrode electrolytically 
because galvanic cells are established in moist environments 
between the aluminum, the various phases in the solder, and 
the layer that forms at the aluminum-solder interface. When 
such cells are established, the material with the highest 
negative electrode potential corrodes preferentially to protect 
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the remainder of the assembly, just as zinc corrodes pre- 
ferentially to protect steel in galvanized products. 

The potential of this interfacial layer of alloy is greater 
than that of aluminum and also greater than that of any of 
the metals that might be present in the solder (with the 
exception of zinc). It is evident, therefore, that in a soft- 
soldered joint, such as is made with a tin or lead-tin solde:, 
the high-potential interfacial layer (being the anode of tne 
galvanic cell) will corrode preferentially to protect both tne 
aluminum and the solder. This type of corrosion produces 
a failure that may be referred to as an interfacial failure. 
Inasmuch as soft-soldered joints fail in this way and since, 
in such joints, the cross-section and total amount of inter- 
facial layer is so small that it can be eaten away in a short 
time, the resistance of soft-soldered joints to corrosion is 
relatively poor. 

In a soldered joint using zinc as the solder, the potential 
of the interfacial layer is greater than that of aluminum, but 
less than that of zinc. Therefore, the zinc solder, being the 
most anodic area, will corrode preferentially to protect both 
the aluminum and interfacial layer. The life of such a 
soldered joint will be much longer than that of a soft- 
soldered joint since it will take much longer to corrode away 
the relatively large volume of solder in a zinc-soldered joint 
than it will to corrode away the very small volume of inter- 
facial layer in a soft-soldered joint. 


Environment. Evaluation related to severity of environ- 
ment provides a realistic appraisal of performance. In dry 
atmospheres, there is no problem of electrolytic corrosion 
and even soft-soldered joints can be expected to last many 
years. In humid or marine environments, however, such 
joints may fail in a very short time without protection. En- 
vironment is much less critical for zinc-soldered joints, but 
even these may not be satisfactory in an extremely corrosive 
environment, as, for example, under hot and humid condi- 
tions. The rate of corrosion in a moist or corrosive atmos- 
phere is accelerated at elevated temperatures. Industrial 
atmospheres containing compounds that form electrolytic 
solutions can be highly corrosive because they accelerate 
electrolytic attack. Although a soldered joint may have a 
very short life in extremely severe atmospheres such as a salt 
spray or high-temperature humidity chamber, it may have 
adequate life in the less severe environments encountered in 
actual service. 


Joint Design 


Joint design is a very important factor in the resistance of 
soldered joints to corrosion. A study of data obtained during 
many years of corrosion testing shows that the resistance to 
corrosion of soldered joints increases as the length of the 
corrosion path increases. This holds true for various types 
of joints exposed to different atmospheres. Increased time to 
failure vs increased length of corrosion path is illustrated in 
the graph (see next page) for simple lap joints exposed in an 
industrial atmosphere at New Kensington, Pennsylvania, and 
the seacoast atmosphere at Point Judith, Rhode Island. 
Similar results were also obtained in salt-spray and elevated- 
temperature humidity atmospheres. 

The length of the corrosion path for lap joints is de- 
termined by the length (or width) of the overlap and, for 
fillet-formed joints, by the dimensions of the fillet. In either 
type of joint, corrosion is influenced by the accessibility of 
the most anodic area to a corroding medium. Simple, flat 
lap joints provide several points of entry for moisture, etc. 
Hence, corrosion of either the interface or the solder may 
progress from different directions simultaneously and, fur- 
thermore, these joints may be pried apart by the corrosion 
products formed. Lock-seam, socket-tube and terminal-lug 
joints provide more limited accessibility to corroding media; 
also, the corrosion products that form, being restrained from 
a prying action, tend to seal these joints from further cor- 
rosion. This self-limiting corrosion fortunately may occur 
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where design impedes complete removal of flux. 

Protective Coatings. Resistance to corrosion of soldered 
joints can often be improved markedly by providing a pro- 
tective coating over the joint. The object of the coating is to 
seal the areas of different potential from moisture and thereby 
inhibit electrolytic corrosion. To be effective, the coating 
must be continuous, must be inert to solder and base metal, 
and must have inherently good resistance to corrosion in the 
given environment. Proper protection increases the life of 
soldered joints two to five times in some environments and 
considerably longer in less severe environments. For ex- 
ample, the time that elapsed before failure of soft-soldered 
lap joints in bare aluminum sheet exposed to salt spray was 
doubled when the joints were given a thin coating of alumi- 
num-pigmented Zn-chromate primer. The life of similar 
joints on Cu-plated aluminum was increased five times by 
the same paint system. 

When electroplated aluminum is employed in soft-soldered 
joints, greater resistance to corrosion is obtained. Platings 
of Cu, Fe or Ni not only prevent the formation of the high- 
potential interface between the solder and the aluminum, 
but shift the potential relationships in the joint. These plat- 
ings have potentials lower than aluminum, hence the alumi- 
num will have the highest potential of any material in the 
assembly and will corrode preferentially to protect both the 
plating and the solder. Oooo 





e At least ten soldering methods are useful for aluminum, 
Methods are classified into two groups—those named for the 
means of applying heat and those of applying solder. Most 
soldering methods are named for the heating method. 
Methods in this class are: torch or flame soldering, electric 
or gas-heated iron soldering, furnace soldering, electrical 
resistance soldering, induction soldering and hot-plate sol- 
dering. 


Torch soldering, either manual or automatic, can be done on 
aluminum using any type of gas-air or gas-oxygen flame. To avoid 
melting the aluminum, a cool flame should be used and it should 
not be concentrated at any point too long, especially when thin 
metal is being soldered. Torch soldering provides a logical answer 
to the problems encountered in secondary soldering operations, 
such as the joining of tubes, fittings and other attachments to 
assemblies that have been soldered previously by some other 
means. 

Conventional soldering irons and the newer soldering guns can 
be used effectively on aluminum. Such soldering is usually a 
manual operation and is carried out using low-temperature solders 
and organic fluxes. The technique employed in soldering aluminum 
with an iron is essentially the same as that employed in soldering 
copper, brass or steel. Care should be taken, however, to minimize 
contact of the iron with the organic flux. Even though such care 
is taken, some char will form on the iron and must be wiped off 
occasionally. 

Aluminum assemblies can be readily furnace-soldered in an air 
atmosphere. This type of soldering is especially suitable for join 
ing intricate assemblies. Furnace soldering, perhaps the most 
widely used process, offers a number of advantages. One of the 
more important of these is that a number of joints can be made 
simultaneously, regardless of their length. 

Resistance soldering is a rapid and simple method for joining 
aluminum. The work to be soldered is connected either between 
a ground and a movable electrode or between two movable elec- 
trodes to complete an electrical circuit. Heat is applied to the 
joint by the electrical resistance of the metal being soldered and 
by conductance from the carbon electrode. Solder can be pre- 
placed or fed into the joint. Recommended applications include 
joining of light-gage fins to heavier material, joining of relatively 
thick electrical conductors and attaching silver to aluminum car- 
riers for electrical contactors. 

Induction soldering is a very rapid way to solder aluminum 
automatically, using either high- or low-temperature solders. It has 
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limited uses, not being readily adapted to soldering intricate 
assemblies, because its success depends on the ability of induction 
coils to spread an even heat throughout the assembly to be 
soldered. 

Soldering aluminum on a hot plate is useful for simple, small 
joints having a flat surface. The cleaned and fluxed parts, coated 
with solder paste over their adjoining surfaces or with a thin 
ribbon or wire of solder pre-placed at the joint, assembled and 
clamped firmly in contact, are placed on a heated hot plate. The 
temperature of the gas or electrically heated hot plate is main- 
tained at about the liquidus temperature of the solder. After the 
solder melts, runs and fills the joint, the clamped assembly is 
carefully removed without disturbing the joint and allowed to cool. 


e Soldering methods named for the means employed for 
applying solder are: dip soldering, wipe soldering, reaction- 
flux soldering, friction soldering or rub tinning, and ultra- 
sonic soldering or tinning. 


Dip soldering comprises fluxing the parts and then dipping 
them in a bath of molten solder. 

In wipe soldering, parts are fluxed, molten solder is poured over 
the parts, and the solder is finally wiped to smooth the contour. 
Wipe soldering is used to join aluminum cable-sheathing to lead 
or aluminum sleeves where cable is spliced. 

Reaction-flux soldering consists of applying the flux and heating 
until flux reacts to deposit the heavy metal (soldering component) 
that flows to make the joint. 

The two fluxless soldering methods—rub soldering and _ ultra- 
sonic soldering—are actually precoating or tinning methods. They 
are the first step of a two-step soldering operation. The first step 
is removal of the oxide concurrently with solder coating and the 
second is soldering together the solder-coated parts, with or with- 
out additional solder. In rub soldering, the oxide is removed by 
mechanically abrading the surface of the metal part under cover 
of molten solder. Rub soldering can be accomplished using a wire 
brush or similar tool. Solders that have wide pasty ranges can 
be rubbed directly on aluminum to provide a tinned surface. 

In ultrasonic soldering, the oxide film is disrupted by ultra- 
sonic vibration (cavitation) in a pool or bath of molten solder. 
When the oxide is broken up and removed by either of these 
techniques, the solder wets the fresh metal surface and remains 
as an adherent, continuous coating. Ultrasonic tinning shows 
great promise as a production-line method for solder-coating 
aluminum wire. 
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Editor's Note: When the electrical engineer reads in 
the literature of solid-state devices — semiconductor, 
magnetic, dielectric — and encounters descriptions of 
electrons leaping across forbidden-energy gaps to new 
energy levels, perforce he often finds himself accepting 
a hypothesis “according to quantum theory.” Quantum 
theory, or quantum mechanics, was specifically derived 
to describe allowed discrete values of energy in such 
systems as the Bohr concept of the atom. It leans 
heavily on probability theory —things are happening 
in several directions at once and the question is one 
of which event predominates. Quantum mechanics had 
its origin in Planck’s heat-radiation theory and in light 
phenomena observed by Einstein that did not conform 
to classical wave theory. How the two theories are 
tied together is explained here. 

The Bohr atom, wave-particle duality, operators and 
observables, Eigen states and Eigen values, and the 
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principles of indeterminacy are some of the physicist’s 
terms made plain to electrical engineers, that they 
may better undersand how semiconductors are dis- 
tinguished from insulators and conductors and what 
makes tunnel diodes and masers work. 

Dr. G. C. Dacey is director of Solid State Electronics 
Research at the Bell Telephone Laboratories. He re- 
ceived a B.S. in E.E. from the University of Illinois 
in 1942 and a Ph.D. in Physics from the California 
Institute of Technology in 1951. From 1942 to 1945 
he worked at the Westinghouse Research Laboratories 
on Resnatrons and high-power magnetrons. At the 
Bell Telephone Laboratories, which he joined in 1951, 
he has worked on various problems in semiconductor 
physics and transistor research and development. Dr. 
Dacey is the author of articles for the Proceedings of 
IRE, Physical Review, and other journals. He is a 
member of IRE and the American Physical Society. 
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UNTIL FAIRLY RECENTLY, it has been sufficient to treat 
engineering subjects from a phenomenological viewpoint, 
but the advent of the transistor and a host of other solid- 
state devices has changed all this. It is not possible to 
understand the motion of electrons in crystals adequately 
without appealing to the more accurate quantum theory. 

Although the electrical engineer has only recently found 
it necessary to consider the quantized nature of matter, 
the physicist, on the other hand, has been faced with this 
problem for more than 60 years. 

Up to the turn of this century, classical physics based 
upon Newton’s mechanics had provided an adequate ex- 
planation for most of the phenomena which are directly 
perceivable by our senses, and many scientists despaired 
that there would soon be nothing more left to explain. 


Planck’s Radiation Theory 


The first hint of the inadequacy of the Newtonian view 
of the world came in 1900 when Max Planck enunciated 
his quantum theory of heat radiation. The fact that light 
was wave-like in nature had been known for a long time. 
The diffraction of light was first seen by Young in 1803,* 
and Maxwell’s electromagnetic theory dates from 1864. 
The straightforward classical application of electromag- 
netic theory to heat radiation resulted in the Rayleigh- 
Jeans Law for the energy distribution in the spectrum 
of black-body radiation. This result states that the average 
energy density of the radiation in the frequency interval 
between v and v + 8» is proportional to v*. Clearly, this 
result cannot agree w h experiment, since it implies that 
the radiation density at higher and higher frequencies in- 
creases without limit. Planck was able to resolve this 
difficulty by assuming that the radiation was broken up 
into discrete amounts, or quanta, of energy. He further 
assumed that the energy residing in one of these “par- 
ticles” of radiation was proportional to the frequency of 
radiation and was given by 

E=h (1) 


* The diffraction of electrons, on the other hand, was not demonstrated until 
1927, as will be described later. A photograph of a beam of electrons diffracted 
upon reflection from the surface of a metal film is shown in Fig. 1. 
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where /: is considered a new universal constant of nature 
(Planck’s constant—see below) with the dimensions of 
energy multiplied by time. 

Under this set of assumptions, Planck derived his radi- 
ation law and found that the energy density in the fre- 
quency interval between v and v + Sy is proportional to 
the quantity v*/(e’”*? — 1) (where k = Boltzmann’s con- 
stantt and T = absolute temperature) instead of v* as 
in the Rayleigh-Jeans Law. This law fits the experimental 
distribution curve quite accurately, provided h is chosen 
to have the value h = 6.547 < 10°’ erg-sec. This constant 
is known as Planck’s constant. 

At first, Planck’s procedure was generally regarded as 
merely a mathematical trick. It was difficult to accept the 
fact that the behavior of light, which had been success- 
fully explained in terms of wave motion, should now 
also take on the character of discrete particle motion. 
However, in 1905, additional evidence was brought to 
bear on the question when Einstein used the idea of 
light quanta (or photons, as he called them) to explain 
the photoelectric effect. 

It was known that when light of frequency v impinged 
upon a metal surface, it was absorbed and sometimes 
ejected electrons. This phenomenon, in fact, is the basis 
for the operation of the photocell. The laws of photo- 
electric emission could not be explained by the classical 
theory, for while the number of electrons emitted per unit 
time depends upon the intensity of the incident light, the 
maximum kinetic energy for any given electron is inde- 
pendent of the intensity. In fact, the maximum kinetic 
energy, (K.E.),,.;, varies linearly with the frequency of 
the incident light according to the following law: 


CUS dees = hy — hv (2) 


where », is a minimum threshold frequency below which 
no emission takes place at all, and fA is Planck’s constant. 

Thus, the photoelectric effect led Einstein to the con- 
cept of light being concentrated in quanta, or photons, 
of energy, Av. An intense light source would emit many 


* Boltzmann’s constant, k = 1.375 x 10°16 ergs per deg, is the ratio of the 
mean total energy of a molecule to its absolute temperature. 
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photons per second, while a weak light source would emit 
relatively few. The important point is that all photons 
for light of a given frequency, v, have the same energy, 
hv. The range of energy for electrons in photoelectric 
emission would be accounted for by the fact that the 
emitted electron may lose some energy in penetrating 
the surface on its way out. Thus the energy, hv, of the 
incident photons represents the maximum kinetic energy 
that any electron can have. The quantity hv, is known as 
the work function of the surface. It describes the exist- 
ence of a potential barrier at the surface, which determines 
the minimum energy which must be given to the electron 
in order for it to get out. 

The success of the Planck radiation theory and of the 
Einstein photoelectric theory strongly suggested photons 
and a corpuscular structure for light. On the other hand, 
the existence of interference effects and other wave 
phenomena argued strongly for the wave theory. For 
many years the necessity of having two different pictures 
of radiation—a wave theory and a corpuscular theory— 
caused great conceptual difficulty. The corpuscular theory 
seemed to imply that light was broken up into small dis- 
crete particles, while interference phenomena—for ex- 
ample, the diffraction by a grating—requires that the light 
be spread out. We shall see that this difficulty was re- 
solved by introducing the idea of probability waves. These 
waves do not carry energy. The energy flows in the form 
of photons. The intensity of the wave gives the rate of 
flow of photon energy. The Poynting vector* of the radi- 
ation field determines the probability per second that a 
photon will cross a unit area perpendicular to the Poynting 
vector. 


The Bohr Atom 


As we have seen, shortly after the turn of the century 
the long-held view that nature was continuous was gradu- 
ually giving way to the new concept of quantization. 
Additional strong support for the hypothesis of quanta 
came from Bohr’s quantum theory for the spectral emis- 
sion of light from atoms. The work of Rutherford in 
1911 had shown that the atom was composed of a small 
heavy positively-charged nucleus with one or more elec- 
trons surrounding it. It was known that when atoms were 
appropriately excited (as, for example, by the passage of 
an electrical discharge as in a neon tube) light was 
emitted. Furthermore, this light occurred in sharply defined 
frequencies or spectral lines, often falling into a regular 
series. These facts could not be explained by classical 
theory. According to Newtonian mechanics, an electron 
surrounding a positively charged nucleus and attracted 
to it by an inverse-square-law force would describe an 
elliptical or circular orbit around the nucleus similar to 
the orbit of a satellite around the earth. However, this 
situation would not be stable, for the electron being 
charged would, as it accelerated in its orbit, emit electro- 
magnetic energy of a frequency equal to the rotation 
frequency in the orbit, plus higher harmonics. However, 
the emission of electromagnetic energy would be accom- 
panied by a reduction of the potential energy of the elec- 
tron in the orbit, a reduction in the radius of the orbit, 
and an increase in the frequency of the rotation. Thus, 
the emitted light would show a wide spectrum of frequen- 
cy and the process of spiraling would continue until the 
electron at last fell into the nucleus. 

Bohr was able to explain the occurrence of atomic 
spectra by appealing to the following two important postu- 
lates: 

e Stationary States. An atom can exist only in certain 
definite stationary states which correspond to discrete 
* Poynting’s vector is a vector formed from the product of the mutually 


Perpendicular components of the electric and magnetic fields at any point. 
It is a measure of the energy flow. 
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Fig. 1—A transmission electron diffraction pattern of a thin 
section of rolled aluminum. 


values of energy. The transition from one of these states 
to another can be accompanied by the emission or absorp- 
tion of radiant energy. 

e The Bohr Frequency Rule. The frequency of the 
radiation which is emitted when an atom undergoes a 
transition from an initial state of energy, E,, to a final 
state of lower energy, E., is given by 


E, — E, 


i (3) 


p= 

Bohr, and later Wilson and Sommerfeld, succeeded in 
formulating laws for finding the stationary states. They 
assumed that the electrons obeyed classical mechanics 
in orbiting around the nucleus, but that additional quantum 
conditions are imposed upon them. These quantum con- 
ditions limit the allowed classical orbit to a discrete set 
which corresponds to the stationary states. These methods 
of quantization essentially involve restricting the angular 
momentum of the electron orbiting around the nucleus 
to integral multiples of Planck’s constant. These quantiza- 
tion rules are ad hoc in nature, but they nevertheless give 
startling agreement with the experimentally observed spec- 
tral lines. 


The deBroglie Hypothesis of 
Wave-Particle Duality 


As we have seen, Planck’s radiation theory led directly 
to the suggestion by Einstein that light waves sometimes 
behave like particles. This, in turn, led to Bohr’s modifica- 
tion of Newtonian mechanics to include quantum ideas. 
These ideas, while suggestive, did not yet constitute com- 
plete physical theory. An important key which made pos- 
sible a more complete theory was furnished in 1924 when 
deBroglie suggested that, just as light waves sometimes 
behave like particles, particles of matter sometimes behave 
like waves. In particular, deBroglie postulated that asso- 
ciated with a moving particle, such as an electron, there 
is a wave of wavelength \ given by 


h h 
where p = mv is the momentum of the electron and h is 
Planck’s constant. The intensity of this wave determines 
the probability of finding the particle at a given point. 

The wave nature of the electron was first experimentally 
demonstrated in the experiments of Davisson and Germer 
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Fig. 2—Schematic representation of an electron wave sur- 
rounding a nucleus. 


and of G. P. Thompson, when a beam of electrons was 
shown to be diffracted upon reflection from the surface 
of a metal film. Such a diffraction photograph is shown 
in Fig. 1. The typical diffraction rings can be clearly seen. 
The pattern is essentially identical with that which would 
be obtained with X-rays, provided that the wavelength 
of the X-rays were chosen to be the same as that for the 
electrons, as calculated from the deBroglie relation. This 
identity offers convincing proof of the wave-like nature 
of the electron. 

On the other hand, Newton’s mechanics were well 
known to hold for most particles. Difficulties of the sort 
demonstrated by the Davisson-Germer experiment only 
showed up when Newtonian mechanics was applied to 
the motion of objects on a very small (atomic) scale. 





The ideas of Planck, Einstein, Bohr and deBroglie 
formed the conceptual basis of quantum mechanics. In 
the period between 1925 and 1930 a rigorous mathe- 
matical formulation of quantum mechanics was created. 
This formulation took many different equivalent forms, 
in the work of Schrédinger, Heisenberg, Dirac and others, 
in which it was shown that the mathematics of differential 
equations, matrices, group theory and the algebra of linear 
vector spaces each led to an equivalent formulation of 
the problem. The formulation which is perhaps the most 
appealing physically, and the one which we shall use 
throughout this article, is the differential-equation method 
of Schrédinger. 


The Wave Equation 


The description of propagating waves by means of a 
wave equation is well known to electrical engineers. It 
can be shown from Maxwell’s equations that the differ- 
ential equations which describe the propagation of an 
electromagnetic wave in one dimension through a lossless 
medium of permeability » and dielectric constant ¢ are 


@’B . oaB 
axe ot (Sa) 
ee @E 
a OF (Sb) 


where B and E are the magnetic induction and the electric 
field, respectively. We see that the same equation is obeyed 
by both B and E. Let us consider the form that this 
equation takes for solutions which vary sinusoidally in 
time. Thus, let 
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The Sehrodinger Equation 


Thus, the deBroglie waves associated with a particle must 
be of such a nature that, when they are used to predict 
the behavior of large particles, the results are the same 
as with those of classical Newtonian mechanics. For par- 
ticles having the masses and velocities ordinarily en- 
countered in everyday life, the wave-like nature of the 
particle has very little effect. This can be seen by sub- 
stituting typical numbers into Eq (4). We see that the 
wavelength corresponding to a particle with a mass of 
the order of 1 gm and velocity of the order of 1 cm per 
sec is of the order of 10-7 cm. This is minutely small 
compared to dimensions ordinarily encountered, and thus 
the classical mechanics is entirely adequate. Only when 
we look on an atomic scale, where the masses and 
dimensions are extremely small, do we find a region where 
quantum mechanics must be applied. 

It is interesting to note that the deBroglie wave picture 
enables us to form an intuitive concept of Bohr’s stationary 
states in terms of electrons circulating in orbits around 
the nucleus. If an electron is a wave, there must be peaks 
and valleys of the wave in the orbit. These peaks and 
valleys must hook up smoothly, and therefore only those 
orbits are possible which yield a standing wave of a 
wavelength expressed as an integral number. Such a situ- 
ation is pictorially represented in Fig. 2. The “wave- 
function” amplitude represented by the solid line will 
only be single-valued if it joins smoothly. Wavelengths 
which would not produce such joining (shown by dotted 
lines) are not possible. This point of view is essentially 
the same as the quantization rule used by Bohr, because 
wavelength and momentum are connected by the deBrog- 
lie relationship given in Eq (4). A mathematical formu- 
lation of the laws of quantum mechanics evolved from 
these ideas, as is discussed in the following section. 


E or B = (2) sin wl 
Substituting this into Eq (5), after cancelling out the time 
dependence, yields 


ay +- wey = 0 (6) 


dz? 


Equation (6) has sinusoidal solutions of the form 
° zr 
= Y sin 2 
y Yo Sin 2r x 
where A is the wavelength and is given by 


2r 


w V pe 


Thus, Eq (6) may be rewritten 


r 


2 


dy 2r Ss 7 
qt (=) ¥-0 @) 


which is a standard form of the time-independent wave 
equation describing the propagation of electromagnetic 
waves. It also is used to describe wave propagation in 
transmission lines, microwave cavities and wave guides, 
and the vibration of membranes, strings, etc. In three 
dimensions, Eq (7) would be written 


2 2 
ay , er, ay, (2 aaa Ge 2, 
eS + Sit (3%) v-v v4 (%) v-0 @ 

Let us now see how the combination of deBroglie’s 
ideas with the wave equation can lead us to the Schrédinger 
equation. Consider the motion of an electron of mass m 
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moving along the x axis in the presence of an electric 
field which is derived from an electrostatic potential, 
V(x). Conservation of energy states that the total energy, 
€, equals the sum of the potential energy and the kinetic 
energy of the electron. That is, 


= mo J = pr (9) 
eT ei 
where p = mv is the momentum. Solving this equation 


for p, we obtain 

p = V 2m(é — V) (10) 
The deBroglie hypothesis states that p = h/d. This, com- 
bined with Eq (10), results in the following value for \, 
which is to be substituted into the wave equation: 


i ac sen (11) 
p wv 2m(€ — V) 

Substituting the value of 4 from Eq (11) into Eq (7) 
gives the Schrédinger equation 

oY, 8m fe _ Vy = 0 (12) 

‘dz? + i? é Ad 
in one dimension. The three-dimensional, time-independent 
Schrédinger equation is given by 


8x?m 


vy + (E- Vy =0 (13) 


For an arbitrary potential function, V(x), such a partial 
differential equation is very difficult to solve. We shall 
see in the sections that follow, however, that it is possible 
to deduce some very general results from the form of the 
equation. 


Observables and Operators 


Schrédinger’s equation gives as solutions functions 
W(x,y,z) which, as was explained previously, represent the 
amplitude of a wave whose intensity gives the probability 
of finding the particle at the point in question. There are, 
of course, many other properties of a system described 
by a given w-function about which we should like to have 
information—for example, velocity, momentum, energy, 
etc. Such properties are called observables. In classical 
mechanics it is possible to find exact values for the ob- 
servables from the solution of the equations of motion 
with appropriate boundary and initial conditions. In quan- 
tum mechanics, on the other hand, we must be satisfied 
with finding only the possible values of any particular 
observable, and the probability that the observable has 
values ranging through a specified interval when the sys- 
tem is in a given state. In classical mechanics, although 
an observable may sometimes be restricted within a 
specified region, it can nevertheless take on all real values 
within that region. Thus, in classical mechanics there is 
no meaning to the statement that the energy of an oscilla- 
tor of a definite frequency takes on only a discrete set 
of values. Quantum mechanics, on the other hand, was 
specifically derived to describe allowed discrete values 
of energy in such systems as the Bohr atom. 

Given the wave function describing the state of the 
system (x,y,z), how are the possible values of a particular 
observable obtained? This is done by following a course 
which may seem somewhat arbitrary; however, it has the 
great advantage that it works. To each observable an 
operator is assigned which, when operating on the w 
function, transforms it into another function of the same 
coordinates. Finding the right operator for each observ- 
able is essentially a question of trial and error. In the 
accompanying table a catalog of useful operators is shown 
which corresponds to various observables that work. In 
most cases, it is possible to obtain the operator for an 
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Useful Operators 


Name of quantity 





—— 


Momentum 


Kinetic energy 


Potential energy 





Position 
Energy 


Moment of momentum | Mp = xP, — yP,; 


observable which involves other observables by analogy 
with the algebraic relation between the two quantities. 

The numerical values of the observable quantities al- 
lowed by the theory are then obtained by the following 
means: let the numerical value of an observable be de- 
noted by a small letter o and its associated operator by a 
capital letter O. The equation 

Oy = oy 

is accordingly a partial differential equation for the state 
function w. Solutions having physical meaning will be 
those which satisfy the boundary conditions of the prob- 
lem. The imposition of these restrictive conditions leads 
to the result that solutions usually exist only for a discrete 
set of values, 0, which are called the eigen values of the 
operator, O. The numerical values of a given observable 
are obtained as the eigen values of the differential equation 
formed from its corresponding observable operator. The 
functions ™ are called state functions, or eigen functions, 
corresponding to the eigen values, o. 

These definitions are perhaps more familiar to elec- 
trical engineers in the case of problems in resonant cavi- 
ties. For a rectangular cavity, for example, the eigen 
functions which describe the space and time variations 
of the fields are sine and cosine functions with arguments 
corresponding to eigen values which are in this case the 
natural frequencies of the various resonant modes. 


The Hamiltonian Function 


We arrived at the Schrédinger equation for the motion 
of an electron in one dimension by using the idea of the 
total energy. This argument was heuristic rather than 
rigorous. It suggests, however, that in order to arrive at 
the Schrédinger equation describing the quantum mechani- 
cal motion of a more complicated system, it would be 
useful to consider the classical motion of the system from 
the Hamiltonian rather than from the Newtonian point 
of view. It would perhaps be illustrative to demonstrate 
this equivalence. 

We define the Hamiltonian function H as simply the 
total energy expressed as a function of the coordinates 
and momenta of the problem. For a point mass moving in 
a potential field V(x), the Hamiltonian function H is given 
by 


2 
H=€=K.E.+P.E. = P + V(x) (14) 
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The Hamiltonian equations of motion for this situation 
are written 


or oH 

= 152 
at Op (5a) 
op BL oH e 
al ~ Ox (15b) 


Equations (15a) and (15b) are equivalent to Newton’s 
equations. Substituting Eq (14) into Eq (15a), we obtain 
an identity: 


OL 
m 


Or | oH Op 2m) p at or 
al op Op m m al 


Substituting Eq (14) into Eq (15b) gives 
d*z dp oH ay 


dt? di Or Or 


m F, 

where F,, = —0V/@x is the force in the x direction. This 
will be recognized as Newton’s second equation of motion. 
The Hamiltonian equations, Eqs (15a) and (15b), and 
Newton's equations for the motion of a particle are 
equivalent. 


The Time-Dependent Schrodinger 
Equation 

It was observed by Schrédinger that it is possible to 
derive the wave equation given in Eq (12) by interpreting 
the Hamiltonian equations in terms of an _ operator 
equation. 

This procedure is a special case of the rules cited in 
the section on Observables and Operators, where the opera- 
tor corresponding to the observable €, the total energy, 
is sought. 

First, the momentum p is replaced by the differential 
operator according to the rule 


h 0 
p => : 
I 2ri Or 
where i is \/—I!I and the differential operator 0/0x is 
considered as operating on any function to the right of it. 
Substituting this into Eq (14), we find H changed into 
a quantity called the Hamiltonian operator, as follows: 

fs <2 2 +y 
8r?m dz’ 

Consider the equation H € and regard it as an operator 
equation operating on the wave function ¥(x). The result- 
ing equation (which has the symbolic form Hy = &w) 
gives, when the indicated operations are carried out, 


h? ry 
-—- = J 
8r2m Ax’ ? (16) 
which, after transposition of terms, is identical with 
Eq (12). 


The further development of quantum mechanics has 
shown this method of deriving the Schrédinger equation 
to be very fundamental. In cases where the Hamiltonian 
function is more complicated in form—as, for example, 
for the motion of a charged particle in a magnetic field 
or for the motion of more than one particle—the pro- 
cedure of interpreting the Hamiltonian H as an operator 
and of setting up the Schrédinger equation by the con- 
dition Ht = w always gives results which are in agree- 
ment with experiment. . 

As a matter of fact, if, in addition, we also interpret 
the energy € as an operator according to the rule 


c = h o 
2ri at 


and make this substitution into the energy equation 
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Hy €w, the resulting equation is the correct form of 
Schrédinger’s equation involving the time: 
—-h? . rll h ody (7) 
822m ret oe 2m al 
It is interesting to consider particular solutions of this 
equation in which the space variation and the time vari- 
ation can be separated. In particular, if we write (x,y,z,0) 
u(x,y,z)f(t), where u is an arbitrary function not in- 
volving time, and substitute into Eq (17), we obtain: 


a VW. KE = ( vu 4 vu) (18) 


2nfQ@) dt “au” 8m 


Note that the left-hand part of this equation is a function 
of ¢ only and the right-hand part is a function of the 
space variables only, so that both sides must equal the 
same separation constant, which has been designated E 
in Eq (18). The equation for f(t) accordingly has the 
solution 


{O = ce (2xikih)t (19) 


where c is an arbitrary constant. The equation for u, on 
the other hand, is the familiar time-independent Schréding- 
er equation, namely, Eq (13). Both f and wu are eigen 
functions with the same eigen value E. A particular solu- 
tion of the wave equation is, accordingly, 


¥V(z,y,z,l) = u(z,y, ze CE 20) 


From this equation, the time variation of the Schrodinger 
wave function is shown to be a complex exponential with 
a negative sign in the exponent. Only this complex func- 
tion is a solution of a Schrédinger equation. The real part 
alone is not. On the other hand, all measurable quantities 
must be real. We shall see in the following sections how 
the complex w-function is interpreted to yield real ob- 
servable quantities. 


Interpretation of the Wave Function 


As has been stated repeatedly, the wave functions, y, 
which are solutions of Schrédinger’s equation, represent 
the amplitude of a wave whose intensity gives the prob- 
ability of finding the particle at the point in question. The 
wave functions are complex functions of time, and the 
assumption is therefore made that this probability is de- 
termined by the square of the absolute magnitude of w; 
in other words, by the product of % and its complex 
conjugate, /*. Accordingly, we define the position prob- 
ability density P(x,y,z,t) as follows: 


P(z,y,z,) = | (2z,y,z,6|? = wW* (21) 


Note that yas* for a wave function of the separated form, 
Eq (20), is obviously independent of time. This assump- 
tion can be statistically interpreted as meaning that 
P(x,y,z,)dxdydz is the probability of finding a particle in 
the volume element dxdydz near the point (x,y,z) at the 
time ¢, when a large number of measurements are made 
on the position of a number of independent particles, the 
state of each of which is described by the wave function w. 

Of course, the particle must be somewhere, or the 
probability of finding the particle somewhere is unity. 


This fact gives rise to a normalization condition: 


f W*drdydz = 1 (22) 


where the integral extends over the entire region in which 
Ww is defined. 

The condition of Eq (22) implies that acceptable w- 
functions should be single-valued and quadratically in- 
tegrable. Thus, ¥ must be suitably continuous and vanish 
at infinity. Furthermore, we shall require at a boundary 
(for example, separating two regions of different potential 
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energy) that » and its derivatives with regard to x, y 
and z be continuous. This requirement is consistent with 
the statistical interpretation of the wave function given 
above. 

The w-functions which are solutions of Schrédinger’s 
equation are eigen functions of the total energy operator 
H, and correspond to states of the system of definite 
total energy—namely, the eigen values E. On the other 
hand, the position of the particle, as we have seen above, 
is not definite but can be interpreted only statistically. We 
saw, in the section on Observables and Operators, that 
it is possible to define a state of the system corresponding 
to a definite value for any observable quantity by choos- 
ing wave functions which are solutions to the differential 
equation resulting from the operator equation correspond- 
ing to the particular observable whose value was to be 
definite. In general, these functions will not be eigen 
functions of some other observable operator, although 
under special circumstances this is possible. We are 
nevertheless interested in knowing what value of these 
other observables will result when a “measurement” of 
the observable is attempted. Since quantum mechanics 
is statistical in nature and limits itself to predicting the 
average value of the observable resulting from a set of 
repeated observations, we accordingly assume that the 
average value of the observable o—designated <o>— 
is given by 


f v*Ovdrdydz 
f y*drdydz 


where the normalized function describes the state the 
system is in. In general, this will not be an eigen state 
of the operator O. In most cases of interest, the functions 
W will be solutions to the Schrédinger equation and will 
thus be eigen states of the total energy operator corre- 
sponding to states of the system where the total energy 
is definitely known. 


<a> = ff vrovdrdyds (23) 


The Indeterminacy Principle 


In the previous section it was stated that, under certain 
special circumstances, it is possible for a w-function to 
describe an eigen state of two different observable opera- 
tors simultaneously. The condition for this to be true is 
that the functions obtained when a w-function is operated 
on consecutively by both of the operators in question are 
the same no matter which operation is carried out first. 
If we denote one operator by O and the other by Q, 
this condition can be written symbolically as 


O0y = OO 


(0Q — QO) = 0 (24) 


Two such operators are said to commute. The operator 
(OQ—QO) is called the commutator. 

It is interesting to consider the more usual case, when 
two operators do not commute. We shall find that if 
the observables corresponding to non-commutative opera- 
tors are measured when the system is in some definite 
state, the certainty with which we can measure the value 
of one of the observables is necessarily accompanied by 
an uncertainty in the measurement of the other. This 
result is the famous Heisenberg Indeterminacy Principle. 

We shall illustrate this result in one dimension by 
showing the impossibility of simultaneously measuring the 
position and the momentum of a particle in quantum 
mechanics. Let the uncertainty in momentum be Ap and 
the uncertainty in position be Ax. It is convenient to 
define these uncertainties in terms of the mean square 
deviation from the average, or expectation, value. We 
define 
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(Ap? =(P — <p>); (Az)? = (@ — <z2>y (25) 


From the definition of average value, Eq (25), since <p> 
and <x> are simply numbers, we can write: 


(Ap)? [ve — <p>)ydr 
sie fr ( a ao a <p>) vde 
-Tl OL 


(Ar)? f v*(r <r>)ydr 


(26a) 
(26b) 


Now consider the following integral, where \ is a real 
number: 


f DP — <p>dv + ie — <2>)¥1 IMP* — <p>y* - 

i ix — <xr>)y*]dz > 0 
which is always greater than zero since the second bracket 
is the complex conjugate of the first. Multiplying the 
bracket and separating terms in powers of \ gives: 


r? {<p - <p>)yW(P* — <p>)y* + s fiers — <p>)y*: 


(rx — <r>)y — (P — <p>)W(2 — <r>)y*) dr + 


ie — <r>W(r — <r>)v*dr > 0 


a quadratic in A of the form Ad? + BA + C > 0. The 
inequality will in fact be true if B?’ — 4AC < 0. That is, if 


[ f vee _ <p>)vde | [ fv <r>)vdz | = 


; {figs [« — <p>)(r# — <r>)-—(r#—- <r>)(P- <p>) | 


veh iL f ip*(Pr — Py tr | (27 


where we have used the fact that 


fvoe — <p>)y¥dr - fw — <p>)y*vdr 
which can be readily demonstrated, remembering that 
h 0 
ssi 2ri Or 


and that the order of operation in the terms not involving 
both P and x doesn’t matter. 

The integrals on the left in Eq (27) are just (Ap)? and 
(Ax)*, from Eqs (26a) and (26b). We evaluate the right- 
hand side as follows. Note that 


h 0 roy - 
= a --a "Dei 


Substituting this result into Eq (27), we obtain 


(Pe — 2P)y == 


. ee h ee F h? 
Gor Gar >4[ 5 f ever] > 455 


because of Eq (22). That is, 


(paz) > (28) 


Let us consider the meaning of this result. If we 
measure the momentum when the system is in an eigen 
state of P, so that Ap is 0, we obtain a precise value for 
the momentum but have an infinite uncertainty in the 
measurement of position. In short, in quantum mechanics 
it is impossible to tell both the position and momentum of 
a particle with complete precision. Contrast this situation 
with classical mechanics, where the initial prescription 
of momentum and position is sufficient to determine 
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completely the subsequent motion. In other words, in 
quantum mechanics the precise assignment of initial con- 
ditions is impossible. This result is of small significance in 
systems of macroscopic size, since h is such a small num- 
ber. However, in atomic systems it becomes of profound 
importance. 

The indeterminacy principle expressed by Eq (25) is 
frequently derived by showing that the disturbance caused 
by the measuring apparatus is enough to influence the 
result of the measurement. Suppose, for example, we 
attempt to observe through a microscope the position of 
a particle whose initial momentum is known. If the 
measuring light is of wavelength A, it will consist of 
photons which, according to the deBroglie relation, have 
a momentum P, = h/x. In order to see the particle, at 
least one photon must be scattered through a sizeable 
angle, and hence will impart a change in the momentum— 
such as Ap, for example—to the particle being observed. 
Conservation of momentum will thus require Ap ~ p; ~ 
h/d. On the other hand, as a result of diffraction, the best 
localization of position which can be obtained using light 
of wavelength \ is of the order of a wavelength: that is, 
Ax ~ i. Therefore, 





h 
Az - Ap~> + d~h 


The Transmission of Electrons 


Of considerable interest in modern electronics is the 
transmission, or “tunnelling,” of electrons through a po- 
tential barrier. This quantum-mechanical possibility for 
an electron to tunnel through a potential barrier too high 
for it to surmount classically is basic to the operation 
of the Esaki tunnel diode. Classically, if an electron 
impinges upon a region of higher potential than corre- 
sponds to its kinetic energy, it will certainly be reflected. 
As we shall see, the situation is different in quantum 
electronics. There is a definite probability that the electron 
can leak through. 


Tunnelling through a Potential 
Barrier in One Dimension 


Consider the one-dimensional potential barrier shown 
in Fig. 3. Suppose that an electron having energy E, is 
incident from the left and is to be reflected or transmitted 
by the potential barrier of height V, and width a. We 
idealize the barrier as follows: 


V(z) = 0 forz <0 
V(z) = Vi) for0 <zr <a 


Viz) = Oforz >a 





Fig. 3—Electron of energy E, 
impinging on a potential bar- 
rier of height V.. and width a. 
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in rough agreement with Eq (28). 

The derivation of Eq (28) did not make reference to 
any particular scheme of measurement, thus showing the 
essential nature of the uncertainty. We have shown the 
impossibility of simultaneous measurement of position 
and momentum. By similar arguments, it can be shown 
that other pairs of observables cannot be measured simul- 
taneously. One such important result states the uncertain- 
ty inherent in the time that a system remains in a state 
of given energy, E. Thus, if AE expresses the root-mean- 
square deviation of the energy of the system from E 
in the time interval At during which the system has 
the mean energy E, then 


h 
AE - Al > -. 
Thus, At is a sort of lifetime for the state characterized 
by the energy E. Transitions from a long-lived state are 
accordingly accompanied by the emission of a spectral 
line which is sharply defined in energy (and hence in 
frequency). On the other hand, short-lived states give 
rise to broad spectral lines. 

In the following sections we shall apply the ideas of 
quantum mechanics to some problems of interest in mod- 
ern quantum electronics. 


through a Potential Barrier 


The wave equation in the regions where V = 0 is 


ey. ey. 


~ 8x2m dz? 


Ey 


This equation has solutions of the form 


/ 
‘ ., | 8x*m 
yy = Cexp ( +1 \ = r) 
h? 


where the “+” sign indicates a wave moving to the right 
and the sign indicates a wave moving to the left. 
Evidently, for x < 0, we can have incident and reflected 
waves. That is, 


Vz) = Ae + Bet?; 2 <0 (29) 


where k \/8x2m/h?. For x > a we have transmitted 
waves moving only to the right. That is, 


W(x) = Ce*#; z>a (30) 


The coefficients A, B, and C must be determined to match 
the boundary conditions with solutions valid in the region 
0 < x <a. For this region, 


he dy 


wt the cadence? 
822m dz? (Ve- EW; ¢ . 1, Vo 


having solutions 


¥(z) = Dexp(ar) + Fexp(—ar); O<2<a (31) 


where a \/8x?m/h? |V. — E|, the absolute value of 
V,, — E) being used. Now w and di)/dx must be continuous 
at x = 0 and x = a [as described in the paragraph follow- 
ing Eq (22)], thus giving four relationships between 
the five constants A, B, C, D and F. We are interested 
in the ratios of the squares of the reflected and transmitted 
amplitudes to the square of the incident amplitude. That 
is, we want to know |B/A/|? and |C/A|* as functions of 
E/V,. The four relationships referred to above are: 
A+B=D+4+F 
itkA — ikB = aD — aF 
Cette = Dew +. Fe-as 
— ikCe** = aDe‘'** — aFe~™ 
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Eliminating D and F and solving for B/ A and C/A 


a ee 
A ~ (k + ia)? — (k — ia)? eo 


Se. 
AY (k + ta)? — (k — ta)* eo? 
The transmission coefficient is 


, {2 aoe 
( V,? sinh*’aa 


1 
= = — > ” < Vo 
A [} + 4EM — A , 
Similarly, it can be shown that, when E > V,, 


c |’ V,? sin’aa 
Ps . [2 + TEE — Vo) 


When E = V,, each of these reduces to 


cr 22?Voma? F ; ; 

The transmission |C/A|* is plotted against E/V, in Fig. 4, 
for the case where |C/A|* = % at E = V,; that is, for 
Va? = h?/2x2m. Note that there is substantial transmis- 
sion through the barrier even for values of E < V, and 
that, for E > V,, the transmission oscillates with period 
aa equal to a multiple of «. This type of wave interference 
for multiple half-wavelengths of refracting layers is well 
known in optics. Here it demonstrates again the non- 
classical consequences of the wave nature of the electron. 
For comparison, the classical solution—namely, no trans- 


Classical solution 


Quantum mechanical solution 


Fig. 4—Transmission vs energy for an electron impinging on 
a potential barrier. 


mission for E < V,, complete transmission for E > V,— 
is shown as the dashed line. 


The Hydrogen Atom 


We have discussed the spectral emission of light from 
atoms and the way in which Bohr’s hypothesis helped to 
lead to the quantum theory. We shall now proceed to 
show how Schrédinger’s equation leads to the prediction 
of spectra. The mathematical difficulties in solving 
Schrédinger’s equation for atoms containing more than 
one electron are so great that only approximate solutions 
have been obtained even for relatively simple atoms. It 
is possible, however, to solve the one-electron case—that 
is, the hydrogen atom. In three dimensions, this solution 
is straightforward but involved. We shall therefore il- 
lustrate the method of solution in one dimension. 


The One-Dimensional Hydrogen Atom 


Consider a model of a hydrogen atom in one dimen- 
sion. A fixed nucleus of charge e has an electron free 
to move only along a straight line in an inverse-square 
force field produced by the nuclear charge. The potential 
energy for such a case is 


Viz) = © 


Thus, according to Eq (8), we may write Schrédinger’s 
equation as follows: 


2 2 2 
dy 4. Sx'm G +=)y — (34) 


‘dz he 


We are interested in solutions where the electron is 
bound to the nucleus. That is, we are interested in solu- 
tions with a negative E, designated —E’. Assume the 
solution to be of the form 


V(r) = u(r)e~*" 
Substituting this into Eq (34), we obtain 


d {du i 822m ( EB’ 4 e — 
e-*? — que} +4 —E ue~* 
dr \ dz : h? r 
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or 


1? . ; 
Cu _ qt 4 (a a 8xim iy +=) u=0 


dr? dr h? 


Taking a? = (87°m/h*)E’, the equation reduces to 


82?me? ” 


dau du u = 0 (35) 


9 


dx "dz hz 


We solve this by assuming a power series for u(x); i.e., 


u(r) = 2 Sat (36) 


imo 


Substituting this into Eq (35), we find a recursion relation- 
ship between the a’s as follows: 


2 2 
2a(j +1) - =] 


— G+DG+2) 
As we have discussed, the integral of the square of 


must be finite. If, in fact, the series of Eq (36) is an 
infinite series, it can be shown that 


[Pea 


diverges. Therefore, the series must terminate. In other 
words, for some j, a;,, = 0. This, in turn, implies that 
the bracket expression in Eq (37) must vanish, or that 


aj; (37) 


jy = 


2 
2a(j + 1) - Se =0 


Recalling that a? = 822mE’/h?, we obtain 


2 
4 8r2mE ‘ 2me? 
taX(j + aye = 4 (FE G+ 1 = (*77*) 








so that the eigen values of the energy become 


; , —27’me* ’ 
E —f’ = =. ss (38) 
Cj + 1)? 
where j Pe aea le es This set of discrete energies agrees 
with the observed spectral lines for real hydrogen atoms. 


The Three-Dimensional Hydrogen Atom 


The quantum number j in Eq (38) above contains an 
oversimplification since, in fact, the electron is free to 
move in three dimensions. A solution of the three-dimen- 
sional problem is more complicated; it involves three 
simultaneous differential equations (in r, @ and g) 
for spherical coordinates. These equations can be solved 
in terms of Legendre polynomials for the @ variation and 
an exponential function of 9. The radial functions are 
solved in a manner analogous to the one-dimensional case 
just considered. The resulting wave functions u(r, 6, ¢) 
are quite complicated. The energy eigen values turn out 
to be 

; —27*me4 5 

t= GI + De (39) 
where wv’ = 1, 2, aed f= 15:2, . There are 
two quantum numbers: n’, the so-called radial quantum 
number; and /, the azimuthal quantum number. It is 
interesting that Eq (39) and Eq (38) predict the same 
spectral lines which agree with the experimental values. 

This result implies the existence of spherically symmetric 
eigen states in the three-dimensional problem. The one- 
dimensional solution was for an electron oscillating along 
an arbitrary direction and agrees with the three-dimension- 
al cases, provided that direction doesn’t matter. 


The Pauli Exclusion Principle 


In the preceding section we exhibited a formula in- 
volving two quantum numbers which accounts for certain 
of the spectral series in hydrogen. The complete set of 
hydrogen spectra, however (including the changes in the 
spectra under the influences of applied electric and mag- 
netic fields), requires four quantum numbers. This fact 
was empirically demonstrated by spectroscopists long be- 


fore the advent of quantum mechanics. These spectral 
data give rise to a description involving a series of discrete 
energy levels which the electron can occupy. The question 
naturally arises as to which of these states the electron 
does in fact occupy. 

In more complicated atoms involving many electrons, 
the exact solution of the quantum mechanical problem 
becomes difficult. Nevertheless, we know from the oo- 
served existence of spectral lines for the elements other 
than hydrogen that here too the electrons must occupy 
only certain discrete allowed energy states. The particular 
distribution of electrons in these states will determine the 
chemical behavior of the atom in question. Thus, the 
nature of the periodic table of the elements depends on 
the manner in which the available electron states are 
filled up with electrons. 

In 1925, W. Pauli gave a rule for filling up the states 
which agrees with the facts. This rule, simply stated, is: 
“at most one electron can occupy a given state.” Thus, 
in thermal equilibrium, the state of lowest energy Is 
filled first, then the next, and so forth until all of the 
electrons have been accounted for. It should be pointed 
out that, in this rule, the state is characterized by four 
quantum numbers. Three of these essentially determine 
the size and orientation of the electron orbit in space. 
In order to understand the need for a fourth, we must 
bear in mind the fact that the electron possesses a magnetic 
moment and angular momentum quite aside from _ its 
motion in an orbit. This intrinsic property of electrons, 
called simply “spin,” was discovered by Goudsmit and 
Uhlenbeck in 1925. It turns out that the spin is itself 
quantized into two antiparallel permitted directions. 

We are thus led to a picture of an atomic system in 
which a small nucleus with a positive charge Ze, where Z 
is the atomic number, is surrounded by Z electrons in 
stable orbits around it. These orbits constitute a subset 
of all the allowed orbits and, in thermal equilibrium, 
are the subset of lowest energy—obeying, however, the 
rule that at most one electron can occupy a given orbit 
(or two, if one does not count two orbits as different 
which differ in spin direction). This picture accounts for 
the properties of the periodic table of the elements. We 
shall see later that the possibility of a group of states 
being occupied or empty is of great importance in under- 
standing the properties of electronic solids. 


Application to Solid-State Physics 


As we have seen, the quantum theory provides the 
means for describing the energy levels of the electrons 
surrounding atoms. Mathematical complications, when sys- 
tems involving many atoms and many electrons are con- 
sidered, are so great that they prevent a rigorous mathe- 
matical treatment. Nevertheless, the use of approximation 
methods makes it possible to obtain considerable insight 
into the behavior of complicated many-body systems. It 
is of great interest, for example, to consider the behavior 
of many atoms brought together to form a solid. We 
should like to be able to explain the difference in the 
behavior of various solid bodies—for example, the dif- 
ference between conductors and insulators. 

A useful approximation in this problem is the so-called 
band approximation. In this method, it is assumed that 
the atoms of a solid occupy regular periodic positions in 
a lattice. It is further assumed that the motion of a given 
electron can be treated by assuming that the effect of all 
the other atoms and electrons upon its motion can be 
described in terms of a periodic potential, V(x), of such 
a nature that 


V(z) = V(x +a) 
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where a is the period of the lattice. Of course, in general, 
the periodicity is in three dimensions. Since the three- 
dimensional problem is rather complicated, we shall con- 
sider a treatment in only one dimension. 


The One-Dimensional Crystal of 
Kronig and Penney 


In order to illustrate the manner in which a periodic 
potential gives rise to energy bands, we shall consider a 
simple example of a one-dimensional periodic field, as 
originally treated by Kronig and Penney in 1931. Con- 
sider the periodic potential shown in Fig. 5. This potential 
can be written in terms of the following three conditions: 

V(r) = V(x +a) 
V Vi for —b< zr <0 (40) 
V=0 for 0 < z < (a — b) 


We seek ¥-function solutions to the Schrédinger equa- 
tion which have the same periodicity in x as the potential 
does. In 1928, Felix Bloch showed that under these cir- 
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cumstances it is sufficient to restrict the class of y-functions 
to be considered to the following form: 


y = etkz u(z): u(r) = u(x + a) (41) 


Note that u(x) is a periodic function of x with period 
a and that 


eik(zta) = eikagike = (complex constant) - e'*? 


If we now substitute the periodic potentials of Eq (40) 
and the w-function of Eq (41) into Schrédinger’s equation, 
we obtain the following forms for Schrédinger’s equation 
in the two regions where V = V, and V = 0, respectively: 


| ute) | + ge A [# — Vo | e**u(r) = 0 
dr? he 


2 2 22 
@u + ik du > ae a R*h |e z 
2 


dr? ~~ dz ~ 8x2m 


where V = V, and 


du + 9ik du 4 8x?m [z Reh? | u=0 (43) 


dz? * ~ dz h ~ x2m 


where V = 0. The general solutions of Eqs (42) and 
(43) are given for the position (j — l)a < x < ja by 


V =0) 


> 


A; exp [i(a — k)r|] + B; exp [—l(a + k)z); 
u= 
a exp [(8 — ik)r] + D; exp [—(6 + ik)z];_  V = Vol 


where a = \/(87?m/h*)E and B = \/(8x*m/h?)(V, — E). 
We are considering solutions only for bound electrons; 
i.e., for the cases where E < V,. 

Consider that u(x) will be a periodic function if the 
coefficients A ;, B;, C;, and D; obey the following relations: 


4; = Aea bie | 
B; = Beiatbia | 
C; = Ce-8-ik ia ( (44) 


ay 


D; = De8tit) ia J 


i 


where A, B, C and D are four complex constants. We 
see therefore that the relations of Eq (44) make it neces- 
sary to consider the problem only within one period and to 
reduce the number of arbitrary constants to four. 

We must now apply the boundary conditions of u(x) 
and du/dx being continuous at x = 0; ie., 


4+B=C+D . 
{ - 
: ; ; er (45) 
Wa — k)A — (a + k)B = (8 — ik)C — (8 + ik)D 2 


Also, the functions u and du/dx must be continuous at 


-2a -a -b 0 a 2a 3a 


e—_> 


Fig. 5—Periodic potential for a one-dimensional “crystal”. 
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Fig. 6—Plot of the function F vs E, showing the origin of energy 
bands. The crosshatched areas represent allowed energies, the 
non-crosshatched areas are forbidden. 


the other set of boundaries—for example, that at x = 
a — b. This yields the following conditions: 


Ae'\@ k) (a) +4 Be-i(atk)(a +) = Ce ik)b + DeStk b (46a) 


Wa — k)Aete-*)(a-) — (a + k)Be~iath(a-) = 
(8B — ik)Ce~8-"»)> — (8 — ik)DeSt*> (46b) 


It is now a rather tedious algebraic problem to find 
the conditions under which A, B, C and D simultaneously 
satisfy the four relations of Eqs (45), (46a) and (46b). 
The resulting condition, however, is rather simple, as 
follows: 


(6? — a’) 


——__—“ sinh 8b sin a(a — 6) + cosh 8b cos a(a — b) 
2a8 


(47) 
The left-hand side of Eq (47) must be a real number lying 
between +1 and —1. The right-hand side of Eq (47), 
on the other hand, involves the energy E as a parameter 
because a and £ are functions of E. Substituting for a 
and £ in terms of E, we obtain the following condition, 
which determines the allowed values of the energy: 


cos ka = 


Vo — 2E 


—_——-————— sinh g VV, —EbsingVE- 
2v E(V, — E) 


-1<F=[ 


(a — b) + cosh g VV. —E bcos g VE(a — » | < +1 (48) 


where g = \/8x°m/h*. The bracketed expression, F, in 
Eq (48) has the general shape shown in Fig. 6 as a 
function of E. The only allowed values of the energy are 
those shown by cross-hatching in the figure. The non- 
crosshatched areas represent forbidden values of energy. 
Thus we see that, for a one-dimensional periodic crystal, 
only certain bands of energy are allowed to an electron, 
and that these bands are separated by forbidden regions 
representing energies which the electron cannot have. 


The Three-Dimensional Crystal 


The problem of solving Schrédinger’s equation with a 
periodic potential in three dimensions is very complicated. 
Nevertheless, the problem has been solved in many cases 
of special interest. The general result, however, is very 
much the same as that which we have obtained for a 
one-dimensional crystal, with the important exception that 
in the three-dimensional case the allowed energy bands 
can overlap. 

Consider, for example, bringing together a large num- 
ber of isolated atoms to form a crystal. The electrons in 
each isolated atom can occupy a series of discrete energy 
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Fig. 7—Schematic representation of the manner in which 
energy levels of isolated atoms merge into “bands” as the 
atoms are brought closer together. 


levels. As the atoms are brought closer and closer together, 
these discrete energy levels split up into bands of energy 
so that the resulting allowed energies for that separation 
of the atoms which finally correspond to the atomic 
spacing in the crystal are qualitatively similar to the energy 
bands which we have seen in the one-dimensional case 
above. This situation is shown schematically in Fig. 7, 
where the energy is plotted as a function of 1/r, where r 
is the separation between the atoms. 


Metals, Insulaters and Semiconductors 


We are now in a position to understand qualitatively 
the difference between metals, on the one hand, and 
insulators and semiconductors on the other. We have 
seen above that electrons are allowed to occupy certain 
bands of energy. There may or may not, however, as a 
result of the exclusion principle, be enough electrons in 
any given crystal to fill up this band completely. Figure 7 


in the column at left shows the situation where the 
lower band of energies is completely filled with electrons, 
whereas the upper band of energies is empty. The quantum- 
mechanical solution for the conductivity of a solid is 
sought by asking the manner in which the energy levels 
change under the action of an applied electric field. This 
problem is very complicated. One simple result is that 
an electron in a crystal lattice increases in energy when 
an electric field is applied. Thus, for electrical conductivity 
to be possible, there must be an energy level available 
that is slightly above the highest occupied level into which 
the electrons can be accelerated. Thus, if there is a 
forbidden gap between a filled band and an empty band 
(such as that in region A of the diagram shown in Fig. 7), 
there is no possibility for the electrons to pick up this 
small amount of energy from the electric field; therefore, 
the field cannot produce a current. Thus, a substance in 
which all energy bands are either completely filled or, if 
empty, are separated from the filled bands by an energy 
gap, is an insulator. 

On the other hand, if the energy gap is small enough 
so that a certain number of electrons can be thermally 
excited into the empty band, then this small number of 
electrons can carry current as in a metal. Therefore, an 
insulator can conduct at sufficiently elevated temperatures. 
An intrinsic semiconductor is a material in which the 
energy gap is small enough so that there are some elec- 
trons available to carry current at the operating tempera- 
ture. 

Consider finally the situation shown in region B of the 
diagram in Fig. 7. A situation is demonstrated wherein 
the filled band of electron energy levels overlaps an empty 
band. Thus, energy levels of the empty band exist that 
are slightly above the highest occupied levels of the filled 
bands, and conduction can take place. This is the situation 
in the case of metals. 


Conclusion 


We have in the course of this article been able to touch 
only briefly upon many subjects in quantum mechanics. 
It is hoped, however, that this brief introduction to the 
subject may stimulate the interest of the practicing elec- 
trical engineer, and encourage him to delve more deeply. 
For this reason, a short bibliography follows in which 
a more detailed treatment of the questions we have con- 
sidered can be found. OOO 
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SPRING Design for 
Electronic Equipment 


Typical compression, extension, torsion and 
flat springs are considered, with examples 
worked out by established equations and 
tabular data on materials properties. Con- 
servative stress values are used in line with 


military reliability norms. 
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SPRING DESIGN begins with an application’s need for a 
particular type of spring. The designer starts with selection 
of material, followed by derivation of shape and size within 
the working limit of stress for the chosen material. Stress 
is an important limitation in spring design. The design 
stresses given in this article are conservative, being roughly 
two-thirds of the various material yield stresses. There is a 
limitation with regard to residual stress due to coil tight- 
ness: the mean diameter of a spring should always be at 
least three times the wire diameter. Also, the helix angle 
of a coil spring should never be greater than 20 deg, other- 
wise the rate or load factor of the spring will differ from 
the calculated rate. In terms of coil pitch, the pitch should 
be less than 0.7 times the mean diameter of the spring. 


Spring Types 

Compression springs are probably most common. They 
are found in mechanical clutches, vibration isolators, anti- 
backlash gears, detents, and spring-loaded latches. To avoid 
buckling of a compression spring, the free length should 
not exceed four times its outside diameter unless the spring 
is supported by a rod or located in a fitting cylinder. 

Extension springs are used to impart a pulling force to 
an object and may be found on pawl and ratchet assemblies, 
spring-loaded gears, cam followers, and return mechanisms. 
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Torsion springs are most commonly used to produce rota- 
tional return. For this purpose, they are often employed to 
exert a closing torque on door and cover hinges. In such 
applications, the closing torque results from “wrapping” 
of the spring around the hinge pin when the door is opened. 

Flat springs are found in such applications as detent 
supports, pressure plates, and bumper stops. A very common 
application of flat springs is for electrical “wiper” brushes. 

This article will deal with round wire up to 4g in. diam 
for compression, extension, and torsion springs, and with 
flat stock up to 1/16 in. thick for leaf and flat springs. 
Other forms are not common in electronic equipment. 


Spring Materials 


There are many materials available for springs. but en- 
vironmental conditions reduce the number considerably. 
Most springs of the types considered are made of music 
wire, stainless steel, phosphor bronze, or beryllium copper. 
(See Tables I and II, next page, for properties.) 

Music wire is unsuited for most military applications 
because of its temperature limitations. It should not be 
used below 0 deg F or above 250 F or in corrosive atmos- 
pheres. Stainless steels are becoming the most pepular ma- 
terial for small springs because of their resistance to corro- 
sion and usefulness over a large temperature ratige. With 
the exception of carbon steels, their cost is lower than that 
of other spring materials. Because of its excellent corrosion 
resistance, wide temperature range, and high strength, Type 
17-7 PH stainless steel is the most desirable spring materia] 
at the present time. 

Phosphor bronze is available in both wire and flat forms, 
with physical properties higher than any other copper alloy 
except beryllium copper. Phosphor bronze is generally cor- 
rosion resistant, but not in marine atmospheres. Because 
of its high electrical conductivity, it is widely used for 
switch contact arms and electrical wiper brushes. Its re- 
sistance to arcing makes it desirable for circuit breakers, 
controllers, and signalling devices. On flat stock, bends 
should always be made across the rolling grain of spring- 
tempered phosphor bronze. 

Beryllium copper has the advantage of being capable of 
severe forming in the soft state and the disadvantage of 
being very brittle in the hardened state. Formed parts are 
placed in fixtures during hardening to prevent distortion. 
After hardening, even mild forming will result in breakage. 
For these reasons, along with the fact that beryllium copper 
is the most expensive of spring materials, its use is often 
avoided. It has high electrical conductivity, high strength 
in the hardened state, and corrosion resistance equivalent 
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Table | — Properties of Common Materials for Small Springs 














Oper. | 
temp 
Chemical analysis, | Spring properties range, 
Material per cent, approx | developed by deg F | Limitations 
Music wire 0.7-1.0 carbon | Cold drawing and “‘patent- | 0-250 Not suited for most military applications be- 
0.2-0.6 manganese | ing’’ in small steps cause of low-temperature limitation and poor 
balance, iron | corrosion resistance 
| 
Type 302 | 18 chromium Cold drawing or rolling: —100 Slightly magnetic in spring temper state 
stainless steel | 8 nickel cannot be hardened by heat +500 
| balance, iron treating | 
Type 316 18 chromium | Same as Type 302 (has | —100 Less magnetic in spring temper state than 
stainless steel | 8 nickel higher strength at —100 F | +500 Type 302 
2 molybdenum | than Type 302 
balance, iron 
Type 17-7PH | 17 chromium Cold drawing or rolling and | -—100 | Physical properties comparable to music wire; 
stainless steel 7 nickel precipitation hardened +650 excellent corrosion resistance 
1.1 aluminum 
balance, iron 
| 
Phosphor bronze 3-8 tin Cold drawing or rolling | 100 Has lower strength than other materials 
0.25 phosphorus | +225 listed; poor resistance to salt atmospheres 
balance, copper 
Beryllium 98 copper Heat treated at 600 F for —100 Heat treatment removes initial tension in 
copper 2 beryllium 2 hr after forming +300 | extension springs; most expensive material 


listed 





to pure copper. Like phosphor bronze, it is normally em- 
ployed for switches, circuit breakers, wiper brushes, etc. 
The beryllium-copper alloy recommended for springs is 
half-hard, heat-treatable Berylco No. 25. 

Factors affecting material selection include operating 
temperature, expected stress, corrosion, magnetic effect, elec- 
trical conductivity, availability, cost, and ease of fabrication. 
With the exception of passivated stainless steel, materials 
which require finishing or treatment after forming should 
be avoided. Paint and plated coatings tend to rub or flake 
off a small spring during use. A plated coating will also 
affect the force-deflection ratio of a spring made of fine wire. 


An additional disadvantage of plating is that hydrogen re- 
lief treatment is required for ferrous alloys after electrolytic 
cleaning or plating. Nascent hydrogen, if not removed, will 
collect in gaseous pockets, causing subsequent cracking and 
failure of the spring. For the sizes of springs considered 
here, hydrogen relief treatment consists of oven soaking for 
3 hr at 375 F immediately after removal of springs from 
the cleaning bath and again after removal from the plating 
bath. 

Springs which must withstand very high repeated stresses, 
or which have received severe cold forming, are usually 
stress-relieved. With the design stresses and bend radii 





Table I! — Spring Material Properties for Design Calculations 





Sx Srr G E 


Spring material Design stress for 
helical springs 
(compression or 
extension ), psi 


Tensile and com- 
Torsional modulus | pressive modulus 
of elasticity, psi 


Design stress for 
torsion and flat 





springs, psi of elasticity, psi 

Beryllium copper, heat treatable, Berylco No. 

25, 1/2H, ASTM B-197-52 42,000 66,000 6,500 ,000 17 ,000 ,000 

| 

Phosphor bronze, spring temper, ASTM B159- 

52T 36,000 45,000 6,250,000 15,000,000 
Stainless steel, Type 302, spring temper, AISI 

302 53,000 93 ,000 10,000 ,000 28 ,000 ,000 
Stainless steel, spring temper, Type 316, AISI 

316 48 ,000 84,000 10,000,000 27 ,000 ,000 
Stainless steel, Type 17-7 PH, spring temper 

AISI 301 PH 58,000 102 ,000 11,500,000 29 ,000 ,000 
Music wire, ASTM A228-51 61,000 107 ,000 11,500,000 30,000 ,000 








VOTE: The above design stresses were obtained by taking two-thirds of the minimum yield stress in torsion and in tension for each material. When employing these 
lesign stresses, no correction for coil tightness, such as a Wahl factor, is necessary if coil diameter of the spring is made at least three times as large as wire diameter. 
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recommended here, stress relieving is unnecessary. Should 
it become necessary to exceed these recommendations for 
a particular design, the spring should be stress relieved 
by heating for 1 hr at 500 F for music wire, oil-tempered 
wire and hard-drawn steel wire, and at 700 F for stainless 
steel. After heating, the springs should be allowed to cool 
in air at room temperature. 

Phosphor bronze and brass springs must not be stress 
relieved because the operation would remove the spring 
temper. Beryllium copper is stress relieved during its heat- 
treatment cycle. 


Shape and Size Characteristics 


e Direction of Coil. Coil winding direction is optional for 
most helical springs insofar as performance is concerned. 
The manufacturer, however, if not directed otherwise, usu- 
ally winds springs “left-handed,” simply because this direc- 
tion is more convenient. A left-hand spring is one in which 
the coil turns counter-clockwise when the viewer faces either 
circular end of the spring. In the following three cases, coil 
winding direction is not optional and should be stated: 


1. An application involving a torsion spring; 
a function of winding direction. 

2. Where the spring operates over a screw thread, its coil di- 
rection should be opposite to that of the screw helix. Otherwise, 
it may lodge between threads and become inoperative. 

3. Concentric springs: If the spring operates within another 
spring, the two should be coiled in opposite directions. 


torque direction is 


e Type of Ends. For compression springs, there is no 
difference in cost between plain ends and closed ends since 
both are formed automatically on coiling machines. The 
ends of a spring are often ground (at additional cost) to 
give flat seats. With closed (or squared) and ground ends, 
spring force is axial, a usually desirable characteristic. In 
general, for the compression springs considered here, closed 
and ground ends are preferred. In Fig. 1, the preference is 
Style B. 

The type of end formed on an extension spring often in- 
creases costs beyond that of the spring body. In Fig. 2, 
the full loop to center, Style C, is preferred. Styles A, B, C 
and D are performed by one machine operation after coiling 
and are approximately equal in cost. 

There are no standard ends for torsion or flat springs and 
a detailed drawing is required. (The straight arm extensions 
shown in Fig. 6 are an example.) 

© Outside-Inside Diameter. The approximate outside (or 
inside) diameter of a spring is usually determined by space 
limitations of the application. A suitable value is chosen at 
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Fig. 2—Types of extension-spring ends. 


the start and modified later, if necessary. 

e Operating Force. The amount of force exerted by a 
spring at a given length is either determined or suggested 
by the application. Very often the designer can determine a 
desirable force experimentally by using a spring at hand 
and various weights. 

e Wire Diameter, Turns, and Free Length. Wire diameter, 
number of turns or coils, and free length are determined 
by calculations to be discussed below. It should be noted 
here that the total number of turns is specified on the draw- 
ing of a compression spring. Whenever the ends of a com- 
pression spring are closed (as is recommended) there are 
two more total coils than “active” coils—those free to deflect. 


Compression-Spring Calculations 


The pushbutton spring illustrated in Fig. 3 will be used 
to explain the calculations for compression springs. It will 
be assumed that preliminary design considerations have 
deduced the following: 


1. load, 1 lb at 0.5 in. deflection 

2. material, Type 302 stainless steel, passivated after forming 
3. diameter of shaft to work over, 0.25 in. 

4. inside diameter, approximately 0.32 in. 

5. direction of turns, left hand (direction immaterial in this case) 
6. type of ends, closed and ground. 


To be determined by calculation: wire diameter, total 
number of turns and free length. 


Fig. 3—Spring-loaded pushbutton. Design of the compression 
spring may control both the travel and force required to move 
the button from its extended to its depressed position. 
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e Wire Diameter. The proper size of wire for a given 
spring force may be determined by the following formula: 


2 35 PD 


1) 
Sz ‘ 


d 


where 


d = wire diam, in. 

P = maximum force to be applied to spring, lb 

D = mean diameter of coil in inches (inside coil diameter plus 
wire diameter) 

design stress, psi. for a helical, compression or extension 
spring of the chosen material (Table I1) 


Sz = 


Very often the normal operating force on a spring is not 
the maximum force which may be applied. An example is 
the extension spring used on screen doors which are normally 
opened 70 to 90 deg: 
withstanding a full 180-deg opening. It is important that 
the maximum force on the spring be employed for P so that 
the material strength will not be exceeded. 

A mean diameter may usually be selected from the design 
configuration. Where there is no indication of what mean 
diameter to employ 
assume the mean diameter to be eight times the wire 
diameter. Equation (1) would then become 


yet, the spring must be capable of 


(a design without space limitations) , 


2.55 84)P 20.4P : 

d = Sz or d - Sn (2) 

in the example, the spring will have an inside diameter of 

approximately 0.32 in. Assuming that the wire diameter will 

be approximately 0.032 in., a mean diameter of 0.34 in. 

will be employed in the calculation. If the mean diameter 

of the spring is at least three times the wire diameter, no 

correction for coil tightness (Wahl factor) is necessary. For 

the stainless steel pushbutton spring in the example, S,, 
is 53,000 psi and 


2.55)(1)(0. 34) 


A . = 0.0000163 in.* 
53,000 163 in. 


d = 0.025, a standard size for stainless steel wire 


(Washburn & Moen Gage No. 23) 


e Total Number of Turns. The number of active turns, 
V, of a spring may be calculated from the formula: 


GFd* 


N = 9pp>~ 


(3) 


where D, d and P have the same values as before and 


G = torsional modulus of the material, given in Table il 
(for Type 302 stainless steel, 10,000,000 psi) 

F = deflection in inches when load P is applied (a reasonable 
amount of deflection may be assumed if it is not dictated 
by the design) 


In the example, the stop will be designed to allow 0.25 
in. of button travel; it will be assumed that the spring is 
initially compressed 0.13 in. in its mounted position. Total 
deflection, F, in this case will be 0.38 in. 


_ GFd* _ (10,000,000)(0.38)(0 025) 
~ 8PD (8)(1.0)(0. 34)? 


= 4.72 turns 


N 


Compression and extension springs are fabricated with 
an integral number of turns. Five active turns will therefore 
be employed in the example. With closed and ground ends, 
the total number of turns will then be seven. 

Occasionally a spring will be designed for a certain spring 
rate or scale—that is, the ratio of force to deflection (P/F) 
stated in pounds per inch of deflection. Using the spring 
rate, Eq (3) may be rearranged as follows: 


Gd‘ 


N = SDXP/F) (4) 
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e Free Length. For the pushbutton spring, the space for 
the spring will be 0.5 in. long when the button is against 
its stop, and since the button travels 0.25 in. and the spring 
is compressed 0.13 in. for assembly, the free length will be 
the sum of these lengths (0.5 + 0.25 + 0.13 = 0.88 in.). 

When the spring mounting is to be arranged after the 
spring is designed, the free length, L, of a spring may be 
optional. Then the recommended procedure is to determine 
the solid height, H,, by multiplying the total number of 
turns by the wire diameter; this, with the deflection F, is 
employed in the following formula: 


L=H,+1.4F (5) 


e Calculation Checks. To insure that the properties of the 
spring are within the design limitations described, several 
items should be examined upon completing the calculations: 


(a) Wire diameter d must not be greater than one-third the 
mean coil diameter D. If the calculation shows it to be too large, 
then the maximum spring load P should be reduced accordingly. 
If it is undesirable to change the load, increase the mean coil 
diameter; then the ratio between it and the wire diameter will 
improve. However, there will not usually be room for a great deal 
of increase in the coil diameter of a spring. 

(b) The turn pitch of a compression spring must not exceed 
0.7 of its mean coil diameter. The pitch may be approximated by 
dividing the free length of the spring by its number of active 
turns. The pitch of a spring may be reduced by employing a 
smaller load for a given deflection. 

(c) For a compression spring not mounted in a cylinder or over 
a shaft, the free length must not be greater than four times the 
mean coil diameter. The free length may be shortened by reducing 
the deflection required. 


On the drawing of a compression spring, either the inside 
or outside diameter should be specified (but not both) de- 
pending upon the application. If the spring fits around a 
shaft, its inside diameter is important; if it fits into a hole 
or cylinder, its outside diameter is important. 

The total number of turns is given on the drawing as a 
reference value to facilitate fabrication. The number of turns 
is actually determined by the requirement to support a cer- 
tain load at a given deflection. If the spring were designed 
for a very precise rate, as in a force-measuring device, the 
rate, with its tolerance, would be specified. 

If the spring were to be made of beryllium-copper wire, 
heat treatment would be specified: e.g., “heat treat to a 
minimum tensile strength of 185,000 psi.” 


Extension-Spring Calculations 

The essential difference between the calculations for ex- 
tension springs and compression springs is caused by the 
initial tension usually developed during fabrication of exten- 
sion springs. Initial tension is a function of the tightness 
with which the coils of the spring are wound against each 
other, and is specified by the designer. The majority of 
springs have an index (ratio of mean diameter to wire 
diameter, D/d) between 6 and 10. Within this range an 
initial tension is recommended which will produce a stress 
of approximately 14,000 psi. Such a tension is the easiest to 
produce on a coil winder. 

A method of determining a proper initial tension employs 
the maximum load, P, and the fact that stress is directly pro- 
portional to load. For an initial stress of 14,000 psi: 

14,000 
P; : Sy P (6) 
where 


P; = initial tension force, lb 
Sy = design stress for the material, psi (Table I) 


An initial tension should not be specified for a beryllium- 
copper spring. The initial tension wound into such a spring 


ELECTRO-TECHNOLOGY 





is removed when the material is heat treated at 600 F. Be 
cause of its brittleness in the tempered state, beryllium 
copper is formed while soft and heat treated afterward to 
attain its spring properties. 

To explain extension-spring calculations, the example 
shown in Fig. 4 will be used where tension on a small belt 
is to be maintained. It will be assumed that the spring is 
to exert a force between 3 and 5 lb, depending on the 
position of the pulley arm. The spring will be made of Type 
302 spring-tempered stainless steel. 

Using the preceding formula to obtain initial tension: 


_ 14,000 


> 
Ms SH 


P 


= 5 Ib and S,, = 53,000 psi (from Table II). Then 


P; = (14,000/53 ,000)5 
1.32 Ib 


where P - 


An initial tension of 1 lb will be specified. A plus-or-minus 
tolerance of approximately 25 per cent is recommended for 
initial tension. 

Wire diameter is computed from Eq (1): 


55PD 


on a 
d Su 


Since there is no diameter confinement, the mean diameter, 
D, is assumed to be 8 times the wire diameter, d. 
, _ 2.55P(8d) 
a ee 
Sa 
.20.4P 
= — 
* Sa 


_ (20.4)(5) _ 
~ 53,000 


d? 


= 0.00192 


d = 0.0445 in. 


The nearest larger standard wire size is 0.047 in. (No. 18 
gage, Washburn & Moen). For further calculations, then, 
the value of 0.047 in. will be used for d. 

As with compression springs, a wire diameter greater 
than one-third of the mean coil diameter should not be 
employed. 

@ Number of Turns. The rate of an extension spring must 
be determined before the number of coils or turns may be 
calculated. It will be assumed that in the example the spring 
is extended 0.75 in. when the spring force increases from 
3 to 5 lb. The spring rate then is: 


~ oF 


K= AF 


(7) 
where 

AP = the difference between two applied forces (both as great 

_ or greater than the initial tension wound into the spring) 

Al’ = the deflection of the spring corresponding to this force 


difference 


Here 


6-3 ) 
It = 2.67 lb/in. 


K == 
0.75 in. 
The number of coils for the spring is calculated by the 
formula: 
Gd‘ 


V = 3DK @) 


Since, in the example, D = 8d, the above may be written 
_ Gd 
 B(8d)?K 
Gd 
1096K 
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ig. 4—Example of application of small extension spring. 


where 


G = torsional modulus (given in Table II for Type 302 stain- 
less steel as 10,000,000 psi) 
d = wire diameter = 0.047 in. 


10,000 ,000(0 .047) 


(4096)(2.67) = 43 coils 


N= 
e Spring Ends. Leops, normally provided at the ends of 
an extension spring, are formed by one operation after coil- 
ing and are approximately equal in cost. The “full loop to 
center,” Style C, Fig. 2, is the most commonly used. Second 
in preference is the “machine half loop,” Style D. A loop 
opening is controlled by the portion of a coil which is 
inserted in the forming tool or by actually cutting the wire. 
If special ends are made, it is important that the wire never 
be bent to an inside radius smaller than one wire diameter. 
It is recommended that the minimum, inside bending radius 
be at least twice the wire diameter. For the example being 
considered, Style C ends will be employed. 


e Free Length. The free length of an extension spring is 
measured from inside to inside of the loop ends. The length, 
L, may ke calculated from the following formulas: 


L=2D+(N-—Dd for full 
loop ends 
Loop u L=D+(N-—1)d for half 
opening aa loop ends 
where, as before, 


D = mean diameter of coil, in. 
d = wire diameter, in. 
N = number of (active) turns 


For the example being considered, the first formula applies. 


L = (2)(8d) + (N — 1) (d) 
= (2)(8)(0.047) + (43 — 1)(0.047) 
= (58)(0.047) = 2.73 in. 


A free length of 2.75 in. will be employed. 


e Mounted Length. For the extension-spring example, an 
initial tension of 1 lb has been specified. Since the desired 
tension of the spring in its mounted position is 3 lb, 2 lb 
of force are to be produced by deflection, Fy, calculated by 
dividing the deflection force (Py == 2 lb) by the spring 
rate, K, thus: 











Fig. 5 


Torsion spring applied to small hinged door. 





Fig. 6—Torsion spring nomenclature. 


‘ Pr 2 
fk = 0.75 in. 9) 
esa ‘ 
The mounted length, L,,, measured inside the spring loops 
is the sum of the above deflection and the free length of 
the spring: 


Lu = Fy +L 
0.75 + 2.75 = 3.50 in. (10) 


To reduce an extension spring’s deflection or its mounted 
length, the initial tension wound into it may be increased. 
If, in the above spring, the initial tension had been 2.5 lb. 
the deflection required for the additional 0.5 lb of mounted 
tension would have been 0.5/2.67, or 0.188 in.; the mounted 
length of the spring would then have been 0.188 + 2.750 or 
2.938 in. An extension spring, on being installed, is norm- 
ally stretched a small amount, if for no other purpose than 
to hold it firmly in position. 

In the drawing of such an extension spring, tolerances 
must be shown for most of the calculated values. Number 
of turns and body length are listed as reference values. 
With initial tension specified, the requirement to support a 
certain load at a given deflection will determine the numbe 
of turns. Body length is the product of wire diameter and 
number of turns when the latter are against each other. The 
reference value of body length, therefore, need only be given 
when the spring coils are separated from each other. 


Torsion-Spring Calculations 


To demonstrate the method of performing design calcula- 
tions for a torsion spring, the example of a small, hinged 
door, held closed by a torsion spring (Fig. 5) will be used. 
Based upon its size, shape, and material, the door is esti- 
mated to weigh 0.06 lb with its center of gravity 1.5 in. 
from the hinge. If the assembly were turned over, the doo 
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would tend to swing on its hinge with a moment of 0.06 
lb X 1.5 in., or 0.09 in.-lb. To keep the door closed, it will 
be assumed that the torsion spring applies an opposing 
moment 5 times as large, or 0.45 in.-lb. 

A torsion spring should be employed so that it coils 
tighter when loaded, and there should be a physical limit 
to the rotation so that the calculated spring stress is not 
exceeded. In the present example, assume that the desired 
torque is to be 1 in.-lb when the vertical door has been 
opened to a horizontal position. 

e Wire Diameter. The formula to calculate the wire 
diameter, d, of a torsion spring is: 

9 
d 10.2M ap 


Srr 


where 
\J = full-load moment or torque, in.-lb 
Sr: design stress for torsion and flat springs, psi (Table 11) 
For the example considered, the spring will be made of 
Type 302 stainless steel (S 93,000 psi). Full-load 
torque, M, will be 1 in.-lb. Substituting these values in the 
ibove formula: 


(10.2)(1.0) 
~ 93,000 
d = 0.048 in. 


d’ = 0.00011 in 


The standard wire size nearest this diameter is 0.047 in. 
(Washburn & Moen gage No. 18). 

e Mean Coil Diameter. Most torsion springs are mounted 
on a rod or shaft. Since the deflection of a torsion spring 
decreases its inside diameter, its mean diameter should be 
larger than the rod diameter by at least twice the diamete1 
of the spring wire (minimum D = rod diam + 2d). 

In the example, the spring is mounted over a 14 in. diam 
rod. The minimum mean diameter for the spring should be 
9.250 + (2) (0.047), or 0.344 in. A mean diameter of 0.375 
in. will be employed. 

e Number of Active Turns. In order to obtain the number 
of turns for a torsion spring, it is first necessary to de 


termine, or choose, a deflection rate, Fp (see Fig. 6). 


rotation of spring in revolutions 


Fr (12) 


change in torque for that rotation 

If the door is held closed by a torque of 0.45 in.-lb and, 
when opened by turning 90 deg, is opposed by a torque of 
1.0 in.-lb, 


0.25 rev 


0.55 in.-lb 


14 revolution 
1.0 in.-lb — 0.45 in.-Ib 
= 0.455 rev. per in.-lb. 
The number of active coils, N, for a torsion spring may 
be calculated from the equation: 
Ed‘F ; 


10.8D (13) 


Ww here 


E = tensile, elastic modulus of the material (Table IT) 
(for Type 302 stainless steel, LK = 28,000,000 psi) 
d = wire diameter, 0.047 in. 


Substituting these values in the above formula: 


28 ,000 ,000)(0 .47)4(0.. 455) 
(10.8)(0 .375) 


_ 15 4 coils 


N 


It is not usually desirable to specify the nearest whole 
number of turns for a torsion spring. Very often the spring 
will require a portion of a revolution as preload with a 
desired relative position between its two ends. In the example, 
the ends should be opposed to each other with the spring 
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turned enough to exert a torque of 0.45 in.-lb against the 
closed door. The following formula will determine the num- 
ber of revolutions of preload deflection, F,, required for 
preload torque, M,: 


F, = (Fr)(M,) (14) 
where 


Fr = deflection rate of the spring, 0.455 rev per in.-lb 
M, = required preload torque, 0.45 in.-lb 


Substituting: 
F, = (0.455)(0.45) 


= 0.205 rev 


One-quarter revolution will be tried for the preload deflection. 

For a torsion spring with more than 10 turns, the number 
of coils or turns should not be specified more accurately 
than one-quarter turn. The spring being considered will be 
specified as having 15.75 turns, rather than the calculated 
15.4 turns. When it is turned one-quarter of a revolution for 
preloading, the ends of the spring will then be in the desired 
positions, as shown in Fig. 5. This increase from 15.4 to 
15.75 turns will increase the spring’s deflection rate from 
0.455 to 0.466 rev per in.-lb. The preload torque, as a result, 
will increase to 0.536 in.-lb and the final torque to 1.072 in.- 
lb. This 7 per cent increase in maximum torque is accept- 
able because of the safety factor employed in the design 
stress. The maximum torque (the value used in the wire- 
diameter calculation) should not be exceeded by more than 
20 per cent. 

By employing the calculated number of turns, the de- 
signer may find that the spring ends have to be rotated so 
much as to produce torque in excess of the above limitation. 
To check the developed torque, divide the rotational deflec- 
tion in revolutions by the deflection rate, F,. If the torque 
is excessive, the number of turns may be altered to reduce 
torque in one of the following ways: 


1. Increase the mean coil diameter, D, to decrease the number 
of turns (or, conversely, decrease D to increase the number of 
turns). By altering D within ‘the space limitations of the de- 
sign, the number of turns may be shifted sufficiently to get the 
spring ends in desirable positions. 

2. Alter the deflection rate, Fr. An increase in Fr will increase 
N; a decrease in it will decrease N (the number of turns). Fr 
may be decreased only slightly because it is the inverse of torque 
per revolution and the torque will quickly exceed the limit given 
in the above paragraph. 


e Overall Length. The overall free length of a torsion 
spring may he calculated from the formula: 


L=(N+1)d (15) 
where 


L = length of the spring, in. 
N = number of turns 
d = wire diameter, in. 


In the example, N is 15.75 turns and d is 0.047 in. Sub- 

stituting in the above formula: 
LL = (15.75 1)(0.047) 
(16.75)(0.047) = 0.787 in 

The axial space allotted for the spring should be one wire 
diameter longer than the above length. If the spring is 
revolved more than a revolution during use, the space must 
be increased by an additional wire diameter for each revo- 
lution. (As a torsion spring is rotated one revolution, it 
increases its number of turns by one, and its length by one 
wire diameter. ) 

The minimum length tolerance of torsion springs is (.\ 
+ 2) times the wire diameter tolerance. 

e Spring Ends. In bending the ends, or arms, of torsion 
springs, sharp bends should be avoided. To prevent a bend 
from being the locus of stress concentration, its inside radius 
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= pushing force on shaft 


S' = sleeve reaction 


= reaction of detent spring 
Y=Pcos /2¢ 

= D'sin Y2¢ 

=P sin ¥2 g cos 172 ¢ 


P/2 sing 


f = friction of sleeve 
0D’ = detent-ball reaction 
8 = bore-wall reaction or 


Fig. 7—Flat spring used with detent ball, with load diagrams. 


should never be less than one wire diameter and preferably 
should be at least two wire diameters. 


Flat-Spring Calculations 


The most common types of flat springs are the cantilever 
type and the simple flat spring resting on supports at each 
end. Shown in Fig. 7 is a cantilever spring used in a detent 
device. In this example, a shaft is positioned axially by a 
spring-loaded ball which moves into one of several V-grooves 
cut around its periphery. The relationship between the force 
needed to move the shaft and the force exerted by the spring 
against the detent ball may be obtained from the following 
formula: 


R = P sin 0.5¢ cos 0.5¢ (16) 
where 


¢@ = total included angle of the V-groove, which should be in 
the range from 60 to 90 deg (90 deg recommended) 

P = push- or pull-force on the shaft, lb 

R = reaction force of spring against ball, lb, with friction of 
the ball assumed to be negligible 


In the example, P is assumed to be 10 lb and ¢ to be 
90 deg. The desirable reaction force is then: 


R = 10(sin 45 deg)(cos 45 deg) 
= 10(0.707)(0.707) 
= 10(0.5) = 5 lb 


e Material Thickness. To calculate the required thickness 
of a cantilever spring, its length and deflection must be 
determined. The length may be chosen consistent with the 
space available, noting that stiffness is inversely proportional 
to length. Length is defined as the straight-line distance from 


Width, 3 


t f Sata 


Fig. 8—Example of flat cantilever spring. 
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Elliptical 


he 


Fig. 9—Examples of flat springs supported freely at ends. 


the point where load is applied to the point at the support 
where the spring is free to deflect, Fig. 8. The spring may 
have one or more bends. 

The deflection required will depend upon the application. 
In the detent example of Fig. 7, deflection depends upon 
the depth of the V-groove and diameter of the ball. To 
change shaft position, the ball must be moved out of the 
V-groove until it is tangent to the outer surface of the shaft. 
It will be assumed that the movement required is 0.12 in. for 
a spring 1.75 in. long. 

[In the example, no preload is employed. It could be 
employed by having the spring deflected with the ball in 
position in its groove. The spring would then be further 
deflected when the ball is forced out of the groove. The total 
amount of spring deflection would be used for the value of 
F in the equation below. ] 

The thickness of material (A, in inches) for a flat, canti- 
lever spring may be calculated from the following formula: 


2Srr(L}* 


= 3EKFY 


(17) 
where 
Srr = design stress for torsion and flat springs, psi (Table II) 
L = spring length, in. (1.75 in.) 
E = modulus of elasticity in tension, psi (Table IT) 
F = deflection of spring, in. (total or maximum amount of 
deflection expected = 0.12 in.) 


For the detent spring, it will be assumed that spring- 

tempered phosphor bronze is to be used (Sy, 45,000 

psi and E = 15,000,000 psi). 
(2)(45 ,000)Q1 . 75)? 


h =o 


—— — " | 0 5 ° } 
(3)(15 ,000 ,000)(0 . 12) 051 in 


This happens to be a Brown & Sharpe gage No. 16. 

Note that only a standard gage thickness should be 
chosen as the material for a flat spring. A non-standard 
thickness would be rolled to order and would be very ex- 
pensive. Flat stock is not rolled in as wide a variety of sizes 
as wire, so a material supplier should be consulted. 

e Material Width. The width of a cantilever spring may 
be obtained from the following formula: 


6RL 
b Srr(hy? (18) 
where the values are as given above; R is the spring force 
and equals 5 Ib. 
(6)(5)(1.75) ‘ 
’ = 45,000)0.0517 ~ 2-448 
A width of 0.44 in. will be employed and the spring force 
will become 4.9 lb rather than 5 Ib. 

Often the calculated result will be unfavorable and the 
assumptions made at the outset will have to be altered. Note 
that R will affect the width and F the thickness of the 
spring material, while L will affect both. In the above calcu- 
lations, if a length L of 1 in. had been chosen, the resultant 
thickness would have been 0.016 in. and the width 2.56 in. 

e Elliptical Type of Flat Springs. When the spring con- 
sists of a flat piece of material, supported at its ends and 
loaded at its center, its design calculations may be made by 
means of the formulas below. The same formulas apply if 
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the spring is bowed as shown in Fig. 9. 


‘ ao SrA LY 
material thickness = 6EF (19) 


where 
Srr = design stress for torsion and flat springs, psi (Table II) 
= length of the spring between support points, in. 


= tensile modulus of elasticity of the material, psi 
= total deflection, in. 


SSS 


Using (from wire gage tables) the nearest value of Ah 
found by the above formula, the material width may be 
calculated thus: 


: : 3RL " 
8 = = —— 20 
spring width = b 2Srrht (20) 
where 
R = total load applied to the spring, lb 
h = thickness of the material, in. 


L and Sy, are as in the preceding equation. 

e Holes and Cut-Outs. At openings, stress concentrations 
occur which are far above the stresses resulting from normal 
loading, and hence holes and cut-outs should be avoided 
in the active portion of a flat spring. For example, stress 
is tripled at the edges of a round hole. If mounting holes 
are employed, as in Fig. 8, the material around the holes 
should be firmly grasped to support these locations. If a 
rectangular cut-out is necessary, the corners of the cut-out 
should be given generous radii. 

e Deflection Tolerance. The amount of deflection for a 
given load is affected by thickness of the material. The 
thickness tolerance of the material, therefore, is employed in 
choosing a deflection tolerance. The choice may be made 
by a simple procedure: 


1. Since deflection and thickness are inversely proportional for 
a flat spring, the product of deflection and thickness will be con- 
stant if other properties of the spring are not changed. (For the 
spring being considered, for example, calculations resulted in a 
thickness of 0.051 in. for a deflection of 0.12 in. These values 
multiplied together give a product of 0.00612.) ; 

2. Taking the limits of thickness of the material chosen, the 
corresponding limits of deflection may be calculated. In this case, 
the material thickness has lower and upper limits of 0.0475 and 
0.0545 in. Dividing the constant product 0.00612 by these limits, 
the corresponding deflections are found to be between 0.112 and 
0.129 in. 

3. In the specification of deflection measurement, the selected 
tolerance should allow a deflection beyond the above-calculated 
limits. In the present example, an acceptable designation of 
deflection would be 0.12 +0.02 in. (a deflection between 0.100 and 
0.14 in.). A closer tolerance, although not as desirable, could have 
been specified to satisfy the calculated deflection range. For ex- 
ample, the deflection could have been specified as 0.120 +0.015 in. 
(a deflection between 0.105 and 0.135 in.). 


When beryllium copper is employed as the material of a 
flat spring, the effect of heat treatment is described on a 
drawing in terms of tensile strength or hardness, thus: 


(a) for flat beryllium copper less then 0.015 in. thick, the 
temper is specified as a minimum ultimate tensile strength of 
185,000 psi; 

(b) for flat beryllium copper between 0.015 and 0.032 in. thick, 
the temper is specified as a minimum hardness of Rockwell 
30N-59; 

(c) for flat beryllium copper 0.032 in. thick or thicker, the tem- 
per is specified as a minimum hardness of Rockwell C-39. OOO 
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EXTENDED SURFACES 
for Heat Transfer 


Longitudinal Fins of Non-Rectangular Profile 


Longitudinal fins of arbitrary profile are 
not analyzed in a simple manner be- 
cause the heat-flow area varies with the 
distance from the origin. Analyses can 
be made, however, and are demonstrated 
here for longitudinal fins of four non- 
rectangular shapes: triangular, trape- 
zoidal and two parabolic forms. 


ALLAN D. KRAUS 

Senior Engineer, Countermeasures Division 
Sperry Gyroscope COMPANY 

Division of Sperry Rand Corporation 
Great Neck, L. I. N. Y. 


General Differential Equation for All Profiles 


A general differential equation can be developed in 
which the cross-sectional area is treated as a variable de- 
pendent on the distance from the origin of the coordinate 
system [A, = f,(x)] using certain assumptions: 


(a) The heat flow is steady; i.e., the temperature at any 
point in the fin does not vary with time. 

(b) The material of the fin is homogeneous and the 
thermal conductivity of the fin is constant. 

(c) The coefficient of heat transfer is constant over the 
entire surface of the fin. 

(d) The temperature of the surrounding fluid is uniform. 

(e) There are no temperature gradients along the length 
and across the width of the fin. This requires that the 
height of the fin be great compared with the width so that 
no significant difference in temperature exists between the 
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fin axis and its faces. It also means that the only tempera- 
ture gradient that occurs will be from the base to the end 
along the height of the fin; hence, no heat is transferred 


from the fin sides. 

(f) There is no bond resistance at the base of the fin, 
and the temperature at the base is uniform. 

(g) There are no heat sources within the fin itself. 

(h) A negligible amount of heat is transferred out of 
the fin end and sides unless otherwise noted. 


Consider the perfectly arbitrary fin profile shown in 
Fig. 10.* Let x be a length coordinate with the origin 
arbitrarily chosen at the base of the fin. The fin profile 
is confined by the two symmetrical curves y = f.(x) 
and y = —f.(x). The dependent variable 6 in the general 
differential equation is the temperature difference be- 
tween a point on the fin surface and the surroundings 
and will, of course, be a function of the distance from 
the base of the fin. 

The general differential equation results from a time 
invariant (steady-state) heat balance on an element of 
the fin that is normal to the direction of heat flow. The 
difference between the heat conducted into the elements 
at x and that leaving at x + dx is 


pak [« ir)! lar (52)* 
dr : dr 

This difference in the flow of heat by conduction will 

be, in the steady state, equal to the heat dissipated by 

convection from the two differential elements of fin 
surface between x and x + dx: 


We 2idr(t — te) (53) 


This presumes that the element dx on the arbitrary 
surface is equal in height to the element dx on the x 
axis. That is to say, dx on the x axis is equal to dx 
on f.(x). 

With 6 = t — t, and hence d@ = dt, we equate Eqs 
(52) and (53) to obtain the general differential equation 


2hOdr 


* Figures, equations 1 in sequence through this series 
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——— X 
Fig. 10 — Arbitrary fin profile. 
d%@ , dfx) dé Os e 
or fi@ Fr a aS 6=0 (54) 


If we work with a unit length of fin, then the area 
function, f,(x), may be replaced by a width function, 
2Lf.(x) == 2f.(x), for unit length, and the general 
differential equation will then be 


d% dfx) do 2h 


2flz) —— . 


(54a) 


dy’? 


The Longitudinal Fin of Triangular Profile 


(a) Differential Equation for Temperature Excess. 
Note, in Fig. 11, that the origin of the coordinate system 
is taken at the fin tip and the length coordinate, x, is 
taken as positive in a direction toward the fin base. The 
height of the fin is denoted as b and the base width is 
denoted as §,. 

For a unit length of this fin, the cross-sectional area 
function is 


Nomenclature* 
c = a transformed variable; an arbitrary constant 
f = a function: f;, area function; fo, width func- 
tion 
i = square root of minus one (i —»\/ —1) 
J = Bessel function of first kind 
P = root of auxiliary Euler equation 
u = transformed variable 
v = a transformed variable 
y = width coordinate, ft 
Y = Bessel function of second kind 
e = taper angle, deg 
“ = a transformed variable 


*For other nomenclature, the reader is referred to Parts 1 
and 2 of this series, February 196] and March 1961. 
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fz ={2flz) = Fa 


so that the general differential equation becomes 


jr d’6 y d ux dé 2h a e 
“> dx de ae le Pa —_ 
The required differentiation will yield 
Ne a "4 
as mbe = 0 (55) 


a differential equation of second order with variable 
coefficients, where 


2h 


Rb 


m? = 
Equation (55) may be rewritten in the form 


d dé is 
= [| - m*b@ = 0 


and then compared to the generalized form of Bessel’s 
equation 


(55a) 


dr 


. [= x | + (ari + br*) 0 = 0 


The solution to Eq (55a) may then be given as 


6 = C,J(2mi Vor) + CoY.(2mi V br) (56)* 


or, more aptly, in terms of the modified Bessel functions 


6 = CJ(2m Vv br) + CK (2m V br) (56a) 


Consider Eq (56a) at the tip of the fin where x = 0. 
The temperature excess at this point is certainly finite. 
But at x = 0, K,(0) is infinite, so that in order to assure 
a finite value of 6, C. must equal zero. Hence 


6 = C,I,(2m Vv br) (56b) 


As in all previous cases, we may evaluate the arbitrary 
constant by means of the boundary conditions. We need 
one boundary condition to evaluate C,. This is the con- 
dition at the base of the fin where x = 6. The temperature 


excess is 6,. 
6, = C,I,(2mb) 
from which 


- Go . 
I .(2mb) 


and the particular solution is therefore 


6.1.(2m x br) (57) 

[.(2mb) 

(b) Heat Flow through Base. We now follow our 

established procedure for obtaining the heat flow through 

the base from Fourier’s Law. At the base of the fin, 
where x b, we may write for unit length of fin; 


dé 
q kA 
dr 
rot 
*See Appendix E for the procedure used in obtaining the general solution 
f Eq (56) from Eq (55a). 
The temperature gradient is in a direction opposite to that of increasing length 
oordinate. Hence we write Fourier’s equation as kA(d@/dx) rather than 


kA(d0/dx). 
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d [0.I,(2m y br) 


qo = Rb 1,(2mb) 


£ bl) 
when the temperature excess given by Eq (57) is sub- 
stituted. 

The indicated differentiation may be 
referring to the general infinite series for the modified 
Bessel function of the first kind (any order) : 


performed by 


@o 


ee gp2ktn - 
I,(z) = 2*tmRIT(n + k + 1) 


k=O 


The zero-order series for our argument, 2m\/bx, 
may be written 


mb? mbsz 


T(2m V/ br) + mbar o 
oh 


and, when this is differentiated, we obtain 


mb2r m bez 


9 12 


S$. I,(2m V br) = m’b 


If this last is compared to the series for the first-order 
modified Bessel function of the first kind, 


m(br) 


» 


1,(2m Vv br) = m(br)'2 


we see that 


d 


b . 
1.2m ~ br) m \ [,(2m V br) 
dz r 


and therefore, at x = b, 


mI,(2mb) 


- dq I.(2mJ/ 5) 
dz | 


The heat flow through the base then becomes 


__ k6,0.mI,(2mb) 
one 1,(2mb) — 


2h6,1,(2mb) 


mI ,(2mb) (58a) 


(c) Efficiency. The heat flow through the base is the 
actual heat flow given by Eq (58a). The ideal heat flow 
is, as in our preceding discussions 

q hho 


and the efficiency will be 


2hé,1,(2mb) 
qo _ “m1 ,(2mb) 
qi Pe 2hbe 


1,(2mb) 
mbI,(2mb) 


The Longitudinal Fin of Trapezoidal Profile 


The fin of triangular profile just considered is but a 
specific case of the more general wedge-shaped or trape- 
zoidal profile with the end or tip width set equal to zero. 
We now proceed to analyze the general case and do not 
make the assumption that the angle of inclination (in 
this case, €) is equal, absolutely, to zero. 

(a) Differential Equation for Temperature Excess. 
Our discussion of the longitudinal fin of trapezoidal 


k is used here rather than m to avoid confusior 1 the 


factor, m V2h/kb,. 
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fin performance 


profile is based on the configuration shown in Fig. 12. 
We will imagine that the heat lost at the end can be 
accounted for by extending the fin an amount §,/2 (as 
suggested by Harper and Brown) so that the actual 
height will be b, = b + (8,/2). The origin of the co- 
ordinate system is taken at the corrected end and the 
length coordinate, x, is taken as positive in a direction 
toward the fin base. 

In this case, we will have for our cross-sectional area 
function for unit length and its derivative 


fiz) = 2f(z) = 6 +2 (2 = 3) tan e 
df;(x) . 


= 2 tane 
dr 


When these are substituted in the general differential 
equation, we observe that 


. 6 a0 dé 2h 
0! T 2 d mi ti 2 ‘ =e qe ee = 
E (« 2 ) in |on + tan ¢ e — 6 = 0f 


an equation which is not readily recognizable as the 
generalized Bessel equation. If this equation is rearranged, 
we may obtain 


t Note that the angle, €, has entered the picture. For the time being, we 
acknowledge the fact that the face surface area for convective heat transfer is 
not dx, but dx/cos €. This is the reason for the appearance of cos € in the 
denominator of the last term. 


x=D 


Fig. 11— Terminology and coordinate system, longitudinal fin 
of triangular profile. 


He ght, db 


O¢ 


Fig. 12 — Terminology and coordinate system, longitudinal fin 
of trapezoidal profile. 
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ao : 2 tan e 7 dé 2 
ds 5(1 —tane)+2rtane dr 
2h 


illic alee —-9=0 
k cos ¢ [6,(1 — tan e) + 27 tan e] 

If we follow a procedure suggested by Harper and 
Brown and make a rather involved substitution for the 
independent variable, x, 


a 6,1 — tan e) 
. oo a antennae 60 
' . [= + 2 tan e _ 
where C? = - - 
k sin € 


we observe that with this transformation and appropriate 
substitution, Bessel’s modified equation results: 


, a6 dg 
; 1H 
du 


— po = 0 (61) 
dy 


This will have a solution in terms of the transformed 
variable p: 


6 = C1 (u) + C.K (u) (62) 
where the arbitrary constants C, and C, are to be evalu- 


ated from the boundary conditions of no heat flow through 
the end 


do 0 (63) 
dr 
rm 
and the fixed base temperature 
A 6. (64) 


toh. 


However, before insertion in the general solution to 
the differential equation, these boundary conditions must 
be transformed into a system where » is the independent 
variable. 

We therefore differentiate Eq (60) 


2udu = 4C*dr 


du - 2C° 

dru 
and because 

de dédr 


du dz du 
we see that 


dé p de 
du 2C? dx 


which shows that for all finite values of », the derivative 
d@/dy vanishes whenever d6/dx vanishes. This leads to 
dé/dn = 0 at x = O and when 


6,11 — tan e) 
2 tan e 


- em FS mh 


and to 6 = 6, at x = b, and when 


my b 


We now work with the general solution of Eq (62) 
and the boundary conditions of Eqs (63a) and (64a): 


| Ba = ta) 


2 tan e 
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do | 


j = C)i(u) — C2Ki(x) 
du 


hme, |=“ 
and hence 
ChiGa) = CKi(u1) (65) 
In addition, 
6 = Cl (u2) + C2K(u2) = 0 (66) 
H=My 


The arbitrary constants are then evaluated by a simul- 
taneous solution of the foregoing to yield 


‘= OK iG) 
(u2)Ki(u1) r 11(41)K (ue) 


and 


: Gos (ui) 4 
1 (u2)K (ur) + 1i(n)K (ur) 


and finally the particular solution 


K (ur) Cu) + T(r) K Cu) ] (67) 


T (2) K y(n) 1, (1) K (ue) 


(b) Heat Flow Through Base. The heat which flows 
through the base of the fin must, for the steady-state con- 
dition, be equal to that dissipated by both faces of the fin: 


>» (°, az 
Gg. = 2h 6 (68) 
‘ COs € 


and, with this substituted into Eq (68), we have 


; sa 
q 7 Oud u (68a) 
COS € .. 
Equation (61) may be modified to the form 
d . dé 
ps t+ — wb = 0 (61a) 
dy du 


from which we observe that 


slina at? do _d [ | 
dy? 


du du a 


With this relationship, we can perform the integration 
indicated in Eq (68a) 


i, “2d ( do 16 | 
l yOd p [ du (. du ) du ei S 


and by noting that d@/du vanishes for » = p,, we obtain 
2 _hyBo_ Ki )Ti(u2) — 11Gui) Ki (ue) (69) 

. C? cos e€ L To(u2)Ki(un) + 11) K (ue) 

or, with C? = h/k sin ¢ as already defined, 
qo = hO,u0 tan « K (1) 1 (u2) I (u )K (2) (69a) 


I (u2)K (1) T IG) K (u2) 


the heat flow through the base of the fin. 

(c) Efficiency. The efficiency will be the actual heat 
flow given by Eq (69) divided by the ideal heat flow 
(that which would occur if the fin faces were operating 
entirely at the base temperature excess). 
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ee . ae 
qi 2hb6,./cos € 
pe KC) Li(ue) _ T,(41) Ki (ue) 


‘ anal a 70 
20%. LTo(ua) Kaun) + Li(un)K os) oy 


If the trapezoidal fin extends to a sharp edge, we 
then have the specialized case of the fin of triangular 
profile. For this case, 5,* = 0, from which it is seen that 
#, = O and p. = 2C\/b = 2\/hb/k sin «. The efficiency 
given by Eq (70) should reduce to that of the triangular 
fin as given by Eq (59). 

However, K, (u;) is unbounded (infinite) when p, = 0. 
We must therefore adjust Eq (70) to avoid the inde- 
terminate form 0/0. This adjustment is made by di- 
viding numerator and denominator of Eq (70) by 
K,(y,) to give 
Nu) = Lad ee 

1 rm) 
rr (70a) 
T(u2) + TC) Kus) 


0, we have 


» =- we Tie) 
2C%b. ToC us) 


and when b, = b and yp, - 


which is a modification of Eq (59). 
We now make the substitution 


/ 
hb 
Me 2G V 5b = *\ ; 
k sin € 


and by noting that, for the case of the triangular fin 
of small taper, 


> 6 
sine = tane = dy 
2h 


= 2b [2h a» I 
Mea a” } mb 


we obtai 
ve obtain 5, 


and finally, 
2mbI\(2mb) i mbI,(2mb) 
Y 2 Yer ware 
2 ( ) bI.(2mb) KG, /2b) bI,(2mb) 


k sin e 


_ 1 1,(2mb) 
~ mb I,(2mb) 


the expression for the efficiency of the longitudinal fin 
of triangular profile [Eq (59) ]. 


The Longitudinal Fin of Parabolic Profile 


(a) Differential Equation for Temperature Excess. In 
this section we will consider two fins of parabolic profile. 
These are shown in Fig. 13. The first is bounded by 


the contour 
i 6 z\* 
ft) 3 ( 5) 


and the second by the contour 


fz) -3(=)" 


In both cases, the origin of the coordinate system is taken 
at the end or tip of the fin; the length coordinate, x, is 
taken as positive in a direction toward the base. 

In the first case, shown in Fig. 13(a), the cross- 


* 5; in Fig. 12. 
T 6, in Fig. 11. 
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ao End (tip) 


End (tip) 


x+ dx 


Height, d 
x=0 


Fig. 13 — Longitudinal fins of parabolic profiles: (a) “concave” 


and (b) “convex 


sectional area function is 


x 2 
file) = 2f4z) =» (Z) 
and its derivative is 
Alz) _ 55 2 
dr ob 
The differential equation for the temperature excess is 


2 
zr\ de x dé 
5; ( 9) aa + 28 9 


and upon clearing of terms, we will obtain 


ao 
dz? 


dé 
72 Dib Gate ae 2, = 
x + 227 mbhe = 0 


where 
Re 
kb, 


Equation (71) is not a Bessel equation, but rather a 
Euler equation. Its solution is evolved by making the 
transformation x = e” or v = In xt. Then 


we Ie 
dx dvdr xd 


1 dé dé 
w (se ‘ 1 aw 14(5) 


dz= dr sidv'z dt 


1 dé 1 d%# 


zr? dv‘ z* dv’ 


+The use of “In” for the natural logarithm will be maintained unless 
otherwise noted, 
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Under these conditions, Eq (71) becomes 


1 d’@ 1 dé ze 1 dé 
“a + § ~ ) — mb = ( 
. ( 2 dr* x? z) va ( x dv ) _— 


or, by cancelling common terms, 


da’ dé la 
We + a =— J9% b*9 = 0 


This ordinary differential equation has as its solution 


@ Ge' M4+h V 14+ 4m)r | Coe le lg V/ 1 + 4m*b*)0 
4 2 


and, in terms of the independent variable x, 


where 
+4 V1+4 4m’b 
and 


P,=-\% 


14 V1 + 4mb? 


The general solution may be written as 


6 = Cyr thvi tone em, 
74 + lg \ 
and it can be observed that, at x = 0, the temperature 


excess will be unbounded unless C 0. Therefore, 
6 = C,r?, 


or, from a consideration of the base-temperature excess 
at x == 6, 


0, = C,b?; 


The particular solution is therefore 


= ° oon 
6@=80 (+) (73) 


We now turn to the fin profile shown in Fig. 13(b). 
This is the parabolic fin where the area function and 
its derivative are 


fz) = 22) = 25 ( i ) 


dfi(z) _ “( ) 
dr 2\ bz 
The differential equation for the temperature excess is 
’ r\ d® 3 l “do 2h 
. (+) da ’ 2 ( =) ‘dz = k ‘= 0 


This may be compared to the generalized form of 
Bessel’s equation 


1 d 
ds [ Z| act ’ me ? 


and the solution may be evolved as 


6 q ‘fe I € mb! 4z ) + Col € mb! /4z ‘) Jon 


For ease of treatment, make the transformation 


u = : mb'!4z73/4 du =i b 
= 7 ° - one 
- wo > 5 i 


* See Appendix F. 
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so that r= ( “rin 
4mnb'!4 
and 
I du 
where 


; (aa :) 


The general solution may then be written in terms of 
the transformed variable as 


6 {u'3 (CyTy(u) CoT_1)3(u)] 


and the arbitrary constants, C, and C., may be evaluated 
from the usual boundary conditions of base temperature 
excess and end heat flow. In terms of x, these boundary 
conditions are 


@6=09, at z=b 


de 
- 0 at z=0 
dr 
and in terms of uw and because at x 0, u = O and 


dé/dx 0, 
6 6 at u 


dé de dx 
-= é = () 
du dz du 0 - : 


To apply the boundary conditions, we must consider 
the first few terms of the series expansions for J,/.(u) 
and /_,,,(u) in accordance with the general expansion 
relationship 


T,(u) : ints ees 
: Ly 2nrm'T(m + n + 1) 
m=O 
For /,,,(u), the first three terms are 
u u u! 
I ; 
() = si0mG4/3) + 2 -1rG/3) + 28%-21PC0/3) 


and when this expansion is multiplied by u’’*, we obtain 
us ; us/3 ui 
2'3.0!T(4/3)  278-1!N(7/3) © -2'33-2!17(10/3) 
75) 


u'/3Jy/3(u) 


In a similar manner, we expand /_, ,,(u) 


ud u 
25/8. 1 !1T(5/3) 24/3. 2178/3) 


gis 
lane) = s75-91@73) 


and, when we multiply by u"*. we find that 


. 1 u ut 
u'ST yu) = s=75-91P/3) * P-L /3) t 209-91NB/B) t 


(76) 
Now apply the boundary condition which considers 
no heat loss at the tip, 


dé 
0 
du 
do ej tu Cylyj2(u) + Cal (u) 0 
du| . ~ du ) { 


~ : 1 7 
= ACs | w' ‘hyx(u) | + ACr- [# Ts su) | = (0) 


vat umd 
(77) 
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Table Iii—Summary of Equations for Temperature Excess, 
Base Heat Flow and Efficiency for Longitudinal Fins of Four Shapes 


Temperature excess 


Profile 
(x) 


. OI Vv 
Triangular | fe 2m V bx) 


I.(2mb) 
oa (57) 


| 
| 
Trapezoidal | 0, | 


To u2)Ky( 1) + TiC 1) Ko( ue) 
Eq (67) 


Ki(u)Io(u) 4 Haida) | 


Parabolic 
(concave) 
Eq (73) 


fron (So) 


(5) tan(3 me) | 


Eq (79) 


Parabolic 
(convex) 





Base heat flow 


T (2) KC) + Thu) Kol ue) 


tan (Seno) 


Efficiency 
do 


2h0,1,(2mb) 1 I(2mb) 
m1I,(2mb) 


mb I,(2mb) 
7 (58a) 





I. u2)Ki(ur) + Ii(un)Ko( ue) 
mae (70) 


Ky\( 1 )Ti( ue) _ iin] lo | K,( 1 )i( ue) — om 


| 2C*. | 
Eq (69a) 


% +%V 1 + (2mb)? 5 - 2 
6, * . el + “~ 1+ (2mb)? ro - 
b 2b 1+ V 1+ (2mb)? 


i (82) 


Eq (80) 


(5) , an(Gm) 
m7. (4 mb) 


Eq (81) Eq (83) 


Sn 


The derivative of the first term in the foregoing may 
be obtained by differentiating Eq (75) term by term. 
This yields 


d 2u-"3 ; 8u5/3 


1/3 = 1 4 
g et ustu) 3-213.01T(4/3) | 3-27/8-1!19(7/3) 


14u"/3 


3 -213/3.917(10/3) “ 


which is seen to be unbounded at u = 0. In order for 
Eq (77) to be valid, it is seen that the arbitrary con- 
stant C, must be zero (A =~ 0). In a similar manner, 
the derivative of the second term in Eq (77) is obtained 
by differentiating Eq (76). This gives 


d 2u fu 


137 1 9f = 9 4 ie , eee 
5g Eh 95/3. 11P(5/3) + 20/-21r(B/3) + 


which is seen to equal zero at u = 0. Because A + 0, 
C. must be finite in order to obtain anything but a trivial 
solution. We therefore have the general solution 


6 = Au'?C,T_4)3(u) (78) 


which, upon application of the second boundary condi- 
tion, yields 


6, = Au,'"?CoT_13(u,) 
and 


0, 


= Au,"/37_4)3(u.) 


The particular solution is therefore 


-() 7 


_ Au'9,1an(u) 
« Au,!?1 _13(ue) 


ie ay3(u) 
Taas(ue) 


in terms of u and 
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1 al, mb'/4y uw) 
s=0.(2) 
Ai 


in terms of x. Note that when x = b, Eq (79) reduces, 
as it should, to 6, = 0@,. 

(b) Heat Flow through Base. For the fin of “concave” 
parabolic profile. Fig. 13(a), the base heat flow is ob- 
tained from the Fourier Law, again with a consideration 
of the temperature gradient in a direction opposite to 
that of the increasing x coordinate. For unit length, 


(79) 


da| 
= ks 
‘dr 

rah 


With Eq (73) substituted and with the indicated dif- 
ferentiation performed, we obtain 


_ kb :0,Pyx? 17 | 
bP1 


r =a 


_ RbO0P\ 
b 


=! os [-1 cee F mb | (80) 


The same procedure is followed for the case of the 
convex parabolic fin shown in Fig. 13(b): 


| 


b 


and with Eq (79) substituted, we see that 


d ec 14 T_s3 | = (smo) ] 
= kb. Gs b ) I lala im) | 
wis 
3 rad 






































ae 
& 
" S| 
SS be 
20 a 
[ Se: 
( Resemena 
C | 2 3 4 5 6 
m 
Fig. 14— Efficiency of longitudinal fins of four profiles: (a) 


rectangular, (b) parabolic “convex,” (c) triangular, and (d) 


parabolic “concave.” 


In terms of the transformed variable, u, we have 


do _ du do _ b\"“ de 
dr drdu ™ (+) du 


so that 


_ b\"“ a iF ays(u) 
= im (=) du (2 Uo ) Taan(u.) |“ 


We now consider, once again, the first few terms of 
the series expansion for the derivative of u‘/°J_,,,(u): 


: 4u* s 
fal & “a aae du) | = 5 “il S/S} T 9178- 917(8/3) 


6u Bot Sa 
2'78-31T11/3) * 


and when this series expansion is divided, term by term, 


by u*, we will have (0! = 1! = 1): 
d . 
du [ "ans <u) | y2!3 us/s ' 
us 228.0115 73) © 289-116(873) * 


y4/3 


248-21PC1/3) * 
which is recognizable as the series expansion for /2/;(w). 
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Hence 


u)3], 3(u) 


£ [ 37 1 du) | = 


and the heat flow through the base in terms of the 
variable u will be 


b i/4 u 1/3 Top(u) 
qo = kd,0.m (=) | ( =" ) Tas |-. 


Tsia(Uo) 
T_1is(Uo) 


and in terms of the variable x, 


= kd,0,.m 


k6,0gm ——,—*-— (81) 


(c) Efficiency. For both of the parabolic fins under 
discussion, the efficiency is the ratio of the actual dis- 
sipation divided by the ideal dissipation if the entire fin 
were to operate at the base temperature excess. When 
unit length of fin is considered, 


Se es 


ee a . 2hbe, 


For both parabolic fins, the ideal heat dissipation is 
identical and the actual dissipation is the heat flowing 
through the base. 

For the concave fin, Fig. 13(a), the actual heat dissi- 
pation is given by Eq (80). With this equation sub- 
stituted into the efficiency relationship, we obtain 


k5,0.{[—-1 + V1 + @mb)*] 
9 (2b)(2hb8,) 


This may be simplified by multiplying numerator and 
denominator by —1 —\/1 + (2mb)?: 


[-1-— v1+ + (2mby*|_ 


-(2mb)*) 


_ (-1+ v1-4 + (2mb)*) | 
9 a: 2(mby? fuk = 4a 1+ 
+1 — [1 + @mb)*] 
2(mb)? [—1 — V1 + @mby)) 


cee (82) 


1+ v1¢+ (2mb)? 


The efficiency of the fin governed by Fig. 13(b) will 
be obtained when Eq (81) is substituted into the efficiency 
relationship 


MR5,Oo1 2/3 (mv) 
“se = eo 
2hb6. 2hbe,T_, 3 (mo) 


4 
1 To/3 ( 3 mb) 


a papabnamenmaueiiiees (83) 
mb ) ( : mb) 


The efficiencies of the fins of triangular profile and 
of the fins of the two parabolic profiles are shown in Fig. 
14. For purposes of comparison, the efficiency of the fin 
of rectangular profile is also shown. It is to be noted 
that, with regard to the four longitudinal fins considered, 
the fin of rectangular profile is the most efficient. This 
does not mean, however, that the rectangular profile is 
the most economical from the standpoint of weight of 
material. 
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Appendix E 


Compare the equation if n is an integer and where the definition and evalua- 
tion of a, 8, w and n in terms of the values in Eq (a) 
are as follows: 


with the generalized Bessel equation si — -,2 SS em tea SE 

d dé ; flaca ale B 

dr wt 7 | ee ee ” B Lip VG — py — 46 0 
ory " oer eee a 

If the comparison indicates that p = k + 2 or b = 0, oe eee 


then Eq (a) is reducible to Bessel’s equation. In this case, 
b = 0 and the solution will be 


6 = za (C,T,(wr!*) + C2K,(wr'!*)] (c) @ = x2 (C\I,(2m V br) +°C.K.(2m V bz)] 


The general solution to Eq (a) is then 


Appendix F 
Compare the equation riage 
2—ptyJ 
1 dée 
1/2 , 2V ha ‘ = 
+ 2* dr washes . B o = p Fy me 


ao 


gil2 = 
dz? 


with the generalized Bessel equation 4 
o= ia Va = 3 mb'!4 


d dé : “ ° alan 
dr [ . dr | 1 (ax! | br*) 0 0 (b) i va ae py — 1b ” Vv ( 1 6)? a l 
2—ptj (3/2) 3 


If the comparison indicates that p = k + 2 or b = 0, = ; : c 
The general solution to Eq (a) is then 


then Eq (a) is reducible to Bessel’s equation. In this case, 


b = O and the equation is reducible. It will have a { 4 : 
6= 2541 Chis ( . mb'"z6) + Coli (GG mb'4z6) (d) 


solution 


6 = la [CI ,(wr"!*) + Col _,(w2'!*)] (c) 


if n is not an integer and where the definition and \ 
evaluation of a, 8, » and n in terms of the values in A combined reprint of this five-part series on Ex- 


tended Surfaces for Heat Transfer will be made 
available at nominal cost upon publication of the 


: . 
* Unfortunately, 6 is a coefficient in the generalized Bessel equation and is also concluding installment. 


the fin height. (The reader is cautioned for the sake of clarity.) 


Eq (a) are as follows: 


e This big feature issue—long in the plan- 


ning stage—ties in with the timely theme of 

M AY the Design Engineering Conference,* “Design- 

ing for Today’s Competitive Markets.” Actual- 

ly, the May issue takes up where the Confer- 

FI t T by | ence leaves off—wraps up the engineer’s 

ec ro- ec no Ogy fundamental approach to design economy. It 

extends the Conference theme to advanced 

° engineering levels, deals with all facets of the 

is our annual design engineering activity. Twelve feature- 

length articles, totalling over one-hundred 

D c i a ee editorial pages, will comprise a_ veritable 

VeS!l g nm cn g ineerin J treasure-trove of idea stimulation—all directed 

r : to the attainment of real economy through 
total engineering! 


¢ 
i 


nTrerence * The 1961 Conference, held in conjunction with the 
Design Engineering Show, is being sponsored by the 
Machine Design Division of the ASME. See an- 

NUMBER nouncement on pages 22-23 and program on page 
168 of this issue. 
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How to Make 


Basic D-C Measurements—2 





In all fields of component and systems engineering, analysis may reveal 


that ultimate definitions and criteria of performance have deep-rooted 


dependence upon the bed-rock of electrical engineering: direct-current 


units and measurement. There are subtleties and complications in funda- 


mental measurements which may have profound significance in complex 


circuits and systems. The methods employed and the interpretation of re- 


sults merit constant vigilance. and cannot be assumed to be served by 


ordinary “laboratory routines.” In this, the second article to be devoted 


to basic d-c measurements, the primary definitive role of resistance and 


its measurement are emphasized.* 


JAMES B. KELLEY 

Technical Director 

Puysics Researcu Lasoratories, Inc. 
Hempstead, N.Y. 


IF A STANDARD RESISTOR is to be calibrated, the simplest 
procedure is to use a four-dial Direct-Reading Ratio Set 
connected as shown in Fig. 1. A three-dial set may also 
be used, but requires interpolation. A measurement is made 
with the standard resistor N, and the unknown resistor X, 
in the positions shown. The current is reversed during 
measurement and the null obtained on the galvanometer 
is for both directions of the current; the Direct-Reading 
Ratio Set is adjusted until there is no deflection upon re- 
versal of the current. The resistors are interchanged and 
the measurement repeated. The two numbers are subtracted 
and divided by 2. The result is the correction. 

When resistors of 1 ohm or 10 ohms are being compared, 
it is advisable to use four terminals on both the known and 
unknown resistors. In all of these measurements, mercury 
contacts should be used if possible and the temperature of 
the resistors should be as close as possible to the calibration 
temperature of the known standard. Resistors should be 
left in a stable oil bath overnight prior to testing. 

The Direct-Reading Ratio Set may also be used to cali- 
brate any decadal device and the method for doing this has 
already been discussed in the section dealing with the 
“Calibration of Ratio Sets.” (1)7 

For resistors which vary by a factor of 10 from each 
other, the Direct-Reading Ratio Set may be used. In this 
case a single measurement is made by connecting the smaller 
resistor to N, in Fig. 1. The two resistors cannot now be 


* Part 1 of this discussion appeared as “How to Make Basic D-C Measure- 
ments,” J. B. Kelley, Exrecrricat Manuracruninc, May 1960, p 224. 


t Italic numerals in parentheses refer to Cited References at end of article. 
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reversed as described above because of the arrangements 
of the ratio set. The ratio set is no longer direct reading, 
but requires that a calculation be made using Eq (1) and 
the symbols shown in Fig. 1. 


X = RN/Y (1) 
where 


R = 99.4445 + 0.abed, where a,b,c,d are the numbers appear- 
ing in the read-out holes of the ratio set 


N = the value taken from the test certificate 


Y = the value for the fixed resistor as given by the manufac- 
turer or as otherwise determined 


A typical case, using two certified standard resistors, had 
NV = 100.001 ohms; Y = 10.0001 ohms, and R = 100.0026 
ohms (99.4445 + 0.5581). Hence, X = 1000.026 ohms. The 
value to which the unknown resistor had been previously 
certified by NBS was 1000.029 ohms. 

If a resistor is new, it should be retained in the laboratory 
for about six weeks and tested, perhaps once a week during 
this period. If the resistor has been previously checked, then 
one or two readings taken after it has remained in an oil 
bath overnight will probably be sufficient. 

For the measurement of odd-valued resistors, the Universal 
Ratio Set is probably the most accurate device. However, 
while the method is easy and the results can be obtained 
quite rapidly, there are some pitfalls if the observer is not 
careful. 

The comparison of two standard resistors, whether of 
equal or unequal nominal values, is shown in Fig. 2. The 
resistors, if four-terminal, are connected through their cur- 
rent terminals and then measured at their potential terminals. 
If they are two-terminal resistors, they would have to have 
all measurements made at their connection points. The point 
a is before the unknown, point 6 is after or across the 
unknown, point c is after the connecting link between the 
two resistors, and point d is after or across both resistors. 
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Fig. 1—Circuit for the measurement of resistance, using a 4- 
dial Direct-Reading Ratio Set. 


It sometimes happens that the lead resistance is so small 
that no reading can be obtained on the Universal Ratio Set 
at a or that a null cannot be obtained at d even though the 
Universal Ratio Set is reading its full value. In this case, 
some lead resistance (an ohm or two) should be put into 
the leads of the ratio set. No harm is done if such an addi- 
tional resistance is left in these connections at all times. 
Using Fig. 2, the following points were read: S, == 1.986; 
S, = 1055.748; S, = 1055.748; S, = 2109.505. 


Since X = N(S2 —_ Si)/(S, _ S;) 


X = 1.000005N 


If two unlike resistors—say, in a 10:1 ratio—are being 
compared, then the results will look like this: S, == 0.673; 
S, = 1919.846; S, = 1919.846; S, == 2111.758. Using Eq 
(2), X = 10.00043N. 

It is at this point that we must be quite careful. A look 
at the arithmetic will show why: 


S. — S; = 1919.175 and S, — S; = 191.913 


Fig. 2—Circuit for the measurement of resistance, using a 6- 
dial Universal Ratio Set. 


There is a factor of 10 between these two; therefore, there 
is a loss in precision because one is a seven-figure digit and 
the other is a six-figure digit. In reality, the “3” shown as 
the last figure may be completely wrong, and about all that 
can be truthfully said is that the factor of 10 between the 
two resistors shows they are probably within 40 ppm (parts 
per million) of each other. If a seventh place for the smaller 
figure is to be obtained, it must be done with the galvano- 
meter, as previously described, but here the sensitivity may 
really become a problem. If this is done, then the exact 
nature of the last (sixth) figure can be obtained. 

The following few notes may be helpful to the user of a 
Universal Ratio Set when making resistance measurements: 


1. The readings usually show orders of magnitude given in the 
two illustrations: the first (point a) is small; the second and 
third (points 6 and c) are large and equal, or very nearly so; 
the fourth (point d) is almost full scale on the Universal Ratio 
Set. 

2. When nominally equal resistors are being used, the second 
and third readings are usually about half the total resistance of 
the Universal Ratio Set. 


Some Definitions 


e@ Absolute Accuracy: Since there is no ohm 
standard in the sense that there is a meter standard 
of length, there can be only an approximation to 
such a standard. The basic electrical units are defined 
in terms of length, mass, time and an assumed value 
for the permeability of free space. At the world’s 
national standards laboratories, the ohm is defined 
in these terms but is not established, at present, to a 
value closer than five parts in a million. Hence, any 
measurement which is made must take into account 
this basic uncertainty in the one-ohm standard as 
well as the uncertainty involved in the comparison 
with the one-ohm standard maintained in the parti- 
cular national laboratory. The various nations submit 
one-ohm standards every two years to the Bureau 
International des Poids et Mesures at Pont de Sévres 
(France) for intercomparison. The variation of each 
resistor is given in terms of the average value for 
all the resistors. 

e@ Relative Accuracy: This is the deviation which 
a group of standards may have among themselves. 
For instance, in the intercomparison of standard 
cells or standard resistors, these units are measured 
against each other and the average deviation is 
determined by adding the differences algebraically 
and dividing by the number of units involved. Then 
each unit is compared in turn against the average 
deviation for the group. 

e Linearity: This is actually another word for 
uniformity. If the steps in a decadal series are com- 
pletely uniform, then the linearity error is zero. If 
the variation is 10 ppm, then the linearity is 0.00] 
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per cent. Linearity, therefore, tells nothing about 
accuracy, but merely defines the relative value of the 
discrete parts of some total. It is not uncommon to 
have linearity and aécuracy confused. 

e Precision: This gives the direct order of magni- 
tude to which a measurement may be made. For 
example, a six-dial Universal Ratio Set may be read 
and set to 1 part in slightly more than two million. 
The accuracy is something else. Any six-dial Univer- 
sal Ratio Set can distinguish between two measure- 
ments to this degree of precision, but whether it will 
also have an accuracy of this amount is another 
question, 

e Stability: This is the change in measured value 
with time; it is largely a physical characteristic of 
the material involved, but can be affected by many 
outside conditions, which is the case for most physical 
properties. 

e Temperature Coefficient: This is also a physical 
property and is largely determined by the metallurgi- 
cal composition and processes in the manufacture of 
the particular material. It can be controlled, but not 
changed, by mechanical means. 

e@ Repeatability: This is the ability of an instru- 
ment to come back to the same reading after some 
period of time has elapsed. This ability is a function 
of many things, including the nature of the measure- 
ment, the instrument or device being measured, the 
stability of all components in all instruments in- 
volved, temperature coefficients of all instruments 
involved, time of day (even in a carefully controlled 
laboratory), and the person making the measurements. 
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Fig. 3—Circuit of 6-dial Wheatstone bridge with Schéne plug 


block. 





Fig. 4—Simplified diagram of the guard circuit in a Wheat- 
stone bridge. 


% 





Fig. 5—Cireuit diagram for measuring “zero” resistance or 
lead resistance. 





Fig. 6—Circuit diagram for measuring the resistance in the 
Rx-arm of a Wheatstone bridge. 
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3. When unequal resistors are being compared, only the first 
reading will be ‘small. 

4. When unequal resistors are being compared, it is a good idea 
to use the next higher-order value for the standard. For instance, 
between 10 and 100 ohms, use a 100-ohm standard; between 100 
and 1000 ohms, use a 1000 ohm standard; etc. At the exact values, 
use a nominally equal resistor. 

5. Lead resistance is of no consequence because of the type of 
measurement—ratios of differences. Corrections on the Universal 
Ratio Set are not usually important in resistance measurements 
unless they are large and variable. If the latter, then constant 
recalibration of the ratio set is required. 


This method of measurement of nominally equal resistors 
shows good repeatability—a few parts per million. For ex- 
ample, a series of measurements taken over a week at the 
same temperature on two Universal Ratio Sets showed a 
variation of only 2 ppm. When the temperature was changed 
by 1 deg C, the change in value of the same two resistors 
was 12 ppm on one ratio set and 11 ppm on the other. The 
temperature coefficient of manganin usually ranges between 
5 and 20 ppm per deg C. The repeatability when nominally 
unequal resistors are used (again in a 10:1 ratio) is apt 
to be something else again. For example, if in the first 
example given above the numbers are changed 2 or 3 digits 
in the last figure so that S, = 1.984, S, = 1055.745, S, == 
1055.745, S, == 2109.502, then X¥ = 1.000006N, a change of 
only 1 ppm from the former reading. However, if similar 
changes take place in the measurement of nominally unequal 
resistors, the results are quite different. If now S, = 0.673, 
S, = 1919.845, S, = 1919.845, S, = 2111.756, then X = 
1.000060N, which is a change of 17 ppm. If the “3” is 
dropped from the first example, then the difference is 20 
ppm. Of course this will be further increased as the ratio 
between resistors is increased, so that if the ratio is of the 
order of 100:1, then uncertainties enter at tens of parts 
per million, and repeatability is that much more difficult to 
obtain. This is not the fault of the instrument, because it 
should be clear from the figures used that the Universal 
Ratio Set itself was repeating within a division or two of 
the last dial, and perhaps (with even greater care and 
tighter procedure) these deviations could be eliminated. 

However, the problem of ratios greater than 10:1 can be 
eliminated by having an adequate set of standard resistors, 
and (by adding so-called “end resistors” to the Universal 
Ratio Set) relatively high resistances may be readily meas- 
ured. In this way, the ratio can be kept below 10:1 and 
measurements as high as 10 megohms made with great 
precision and accuracy. Resistances of 1-10 ohms may also 
be measured this way, and if sufficent care is taken, good 
results can be obtained. 


Calibration of Bridges 


The two most commonly used bridges are the Wheatstone 
and Thomson or Kelvin bridge. The precision Wheatstone 
bridge usually consists of five or six decades, called the 
rheostat arm of the bridge, and four or five ratios, the ratio 
arms of the bridge. The fourth arm is, of course, the X-arm, 
which is the unknown resistance. On the better bridges, the 
ratio arm is usually composed of a double set of plug-type 
resistors. This is known as the Schéne design, Fig. 3, and 
permits all measurements to be made twice, and an average 
taken. Thus the a/b ratio is set at, say 10:1, and the rheo- 
stat arm adjusted until a null is obtained on the galvano- 
meter. The measurement of Ry is then recorded. The plugs 
are now changed to new positions so the a’/b’ = 10. The 
adjustment of the rheostat is carried out and the value for 
Ry again determined. If R’,y is the first reading and R” y 
is the second reading, then the more nearly correct value is 
considered to be 

Rx = (R’x + R"x)/2 (3) 

The Wheatstone bridge is somewhat limited in its use, 
being essentially an instrument for measuring 10 ohms or 
higher. However, with suitable precautions, it may be used 
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to measure less than 10 ohms and even as low as 0.1 ohm. 
However, the low resistance is a very touchy measurement 
problem and requires considerable care. A method for 
making such measurements is carried out in Cited Refer- 
ences (2) and (3). For bridges which will measure above 10 
megohms, it is not uncommon to find the circuit guarded 
that is, the danger of current leakage due to insulation b:eak- 
down is avoided by means of a circuit similar to that shown 
in Cited Reference (4) and Fig. 4. New hard rubber or 
ebonite, which is the common material used for insulation 
at the terminals, has a resistance of the order of 10'° ohm- 
cm at 50 per cent relative humidity. This means that, for 
measurements of 100 megohms and even 1000 megohms, 
good accuracy can be maintained without danger of 
leakage. However, it is becoming rather common practice 
to make the additional provision of adding a guard circuit. 

The accuracy for a bridge (of whatever type) which is 
of interest to the user is the actual measuring accuracy at 
the Ry-terminals. In determining this, several factors are 
important, and these are what must be considered when a 
bridge is being calibrated. If a thorough calibration is to 
be made, the following measurements will have to be made: 
(1) the “zero” resistance of the bridge rheostat; (2) the 
lead resistance; (3) the ratio arm corrections; and (4) 
the rheostat dials. 


1. The zero resistance of the rheostat arm will be found when 
all dials are set at zero, or when the bridge is so arranged, for 
plug-type bridges, that the resistance is indicated as zero. How- 
ever, there is no such thing as zero resistance in any practical 
laboratory or test instrument. After setting all the dials at zero, 
the rheostat arm is connected between two equal standard 
resistors, say l-ohm. If the bridge has the arrangement shown 
in Fig. 3, then the potential points are those points at the ends 
of the rheostat arm. By connecting the rheostat arm in a Wheat- 
stone bridge circuit using l-ohm standard resistors and a Direct 
Reading Ratio Set, Fig. 5, the measurement is made in two steps, 
the galvanometer being connected in turn to 1 and 2. Half of the 
difference of the two readings is the “zero” resistance. For a 
precision 6-dial Wheatstone bridge, this value will usually be in 
the vicinity of 5 to 10 milliohms. 

2. The lead resistance in the Rx-arm of the bridge can be 
determined by a procedure similar to that described above. The 
circuit is shown in Fig. 6, except that the two points to which 
the galvanometer is connected are 1 and 3. However, there is this 
difference in the measurement: a short must be connected across 
the Ry-terminals, and this must be taken into consideration in 
making the final determination. The calculation will therefore 
have to be made in two parts to exclude the resistance of the 
shorting wire. 

If R, is the reading when the galvanometer is connected to 1, 
if R, is the reading when the galvanometer is connected to 3, and 
if R, is the resistance of the shorting wire, then the Rx lead 
resistance is given by 


Rr, =(R R,)/2 — R, (4) 


If a shorting wire of known value is used each time, then this 
value can be subtracted from the result obtained by halving the 
difference of the readings between 1 and 2. Otherwise, the short- 
ing wire will have to be measured separately, following the same 
procedure used in the first step for determining the zero resistance 
of the rheostat arm. This lead resistance should not amount to 
more than a few milliohms in a precision Wheatstone bridge. 

3. The ratio resistors are calibrated exactly as though they were 
4-terminal standard resistors being measured with a Direct-Read- 
ing Ratio Set, the general circuit arrangement of which is shown 
in Fig. 7. If the manufacturer provides means for connecting 
directly to the ratio arms, then it is relatively simple to make the 
measurement. However, since this is not always done, and since 
it is also more conservative to measure at junctions or branch 
points, a circuit similar to Fig. 8 will have to be used. Here the 
ratio arms are calibrated one at a time. Once again, a Wheatstone 
type of circuit is constructed. Two arms of the bridge are formed 
by the Direct-Reading Ratio Set, one arm by a standard resistor 
which moves between N, and N,, and one arm by the ratio arm 
of the bridge under test. The particular ratio resistor value being 
tested is plugged in and the rheostat arm is set at zero. Then the 
test proceeds as follows: 
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Fig. 7—Circuit diagram for measuring resistance of a 4-termi- 
nal resistor. 


B+ 


Fig. 8—Circuit diagram for measuring resistance of ratio arms 
of a Wheatstone bridge. 


(a) The standard resistor is placed across N, and a shorting 
bar is placed across N,. The galvanometer is connected between 
the Direct-Reading Ratio Set and the left-hand terminal of Rx, 
for the arrangement shown in Fig. 8. A null is obtained on the 
galvanometer by adjusting the Direct-Reading Ratio Set. 

(b) The standard resistor is now moved to N, and the short- 
ing bar is moved to N,. The galvanometer is connected to the 
other Rx terminal and a balance is obtained. Half of the differ- 


Fig. 9—Circuit diagram for measuring resistance of ratio arm 
of a Wheatstone bridge to eliminate galvanometer key from 
measuring circuit. 
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Fig. 10—Circuit diagram for measuring resistance in decade or 
rheostat arm of a Wheatstone bridge. 





Fig. 11—Calibration of the X0.1 dial of a Wheatstone bridge. 


ence between the two readings is the amount in parts per million 
by which the ratio resistor differs from the standard. When the 
error of the standard is taken into consideration, the exact value 
of the ratio resistor is determined, within the limits of reliability 
of the standard. 

(c) The other ratio arm may be calibrated in essentially the 
same way by connecting the measuring circuit to the opposite 
galvanometer terminal. However, if this is done directly, the 
galvanometer key will be in the measuring circuit, and _ its 
variable contact resistance may introduce both large and 
fluctuating errors. Hence, the circuit is connected as shown in 
Fig. 9. The connection from N, is made to the Rx-terminal 
(shown by dashed line), whereas it would 
ordinarily have been made to G. By changing from G to the 
Ryx-terminal shown, the galvanometer key is taken out of the 
measuring circuit and put into the galvanometer circuit, where 
variations in contact resistance cannot have any effect on the 
measurements, What has been done is to interchange the poten 
tial and current points of the equivalent four-terminal-resistor 
measuring circuit (see Fig. 7); the galvanometer is now at 
point 2 of Fig. 7 and the DRRS is at point P. when N, is in 
the circuit. When N, is in the circuit, the galvanometer is at 
the equivalent of potential point P,, which is the upper R, 
terminal in Fig. 9. The procedure for carrying out the actual 


adjacent to G 


Table | — Calibration of the Ratio Arms of a 
Wheatstone Bridge 





a b Correction, ohms 
1 +0.0002 
1 | +0.0002 
10 —0.0012 
10 —0.0014 
100 —0.008 
100 —0.005 
1000 | —0.03 
1000 | —0.03 
10,000 —0.6 
10,000 —0.6 
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measurements is exactly the same as described in paragraphs 

(a) and (b) above. 

The ratio arms may also be calibrated using a Universal Ratio 
Set. If the resistors can be reached directly from the outside 
through terminals, then it is a relatively simple matter to make 
these measurements. The circuit used is the same as that shown 
in Fig. 2. The unknown resistor has its terminals at 1 and 2; 
the procedure is then the same as in the measurement of any 
resistor by comparison with a known standard using the Universal 
Ratio Set. 

Table I shows a typical set of values for Schéne-type ratio arms. 
The important fact is that the ratio 1:1 be as nearly exact as 
possible. An examination of the data in Table I shows that for 
a:b =1:1, or b:a=1:1, the ratio is exact. At the next position, 
it is off by 20 ppm; at 100, it is off by 30 ppm; and at 1000 and 
10,000, it is exact. 

1. The calibration of the rheostat arm is the longest of all the 
calibration processes because each dial must be checked. The 
procedure discussed here will be for the largest dial only, and 
then this method may be followed for the others. The circuit used 
is shown in Fig. 10. Here the procedure follows identically that 
described in Cited Reference (1) for the calibration of the 
Universal Ratio Set. The standard resistor NV, is moved in and out 
of the circuit as it changes places with successive positions of 
the Wheatstone-bridge dial under calibration. If the X10,000 dial 
is being calibrated, the corrections are obtained as follows: with 
the standard resistor in the circuit and the X10,000 dial at 0, the 
Direct-Reading Ratio Set reads 5569; with the standard resistor 
shorted out and the X10,000 dial set at 1, the ratio set reading is 
5564. Thus the difference is 5 ppm, and it is negative following 
the procedure set up in Fig. 1, where the standard resistor is on 
the right and the unknown on the left for the first reading and 
then reversed for the second reading. If the standard resistor has 
a value of 10,000.02 ohms, then the correction is 10(—5) +2— 

18 ppm.* This is —48 ppm or —0.0005 per cent of 100,000 ohms, 
or —0.005 per cent of 10,000 ohms. Hence, the correction in pro- 
portional parts is —0.00005, but the correction in ohms is —0.5 
ohms. This procedure is continued for each succeeding step. 


The method of calibrating each successive dial is the 
same. The value of N, in each case is chosen so that it 
equals one step on the dial being calibrated. For the X1 
dial and the X0.1 dial, the method described in Cited Refer- 
ence (1) for the calibration of the lower dials on the Uni- 
versal Ratio Set may be used. 

An alternate method of calibrating the X0.1 dial on the 
Wheatstone bridge is to compare it directly with the first 
dial of the Direct-Reading Ratio Set. This can be done 
because the first dial of the Direct-Reading Ratio Set is 0.1 
ohm per step. The technique of measurement used is similar 
to that described in Cited Reference (1) for the calibra- 
tion of a Direct-Reading Ratio Set. Referring to Fig. 11, 
the procedure followed is: 


1. Connect the circuit shown, where R, is the X0.1 dial of the 
Wheatstone bridge, R, is the auxiliary resistance box initially set 
at 99.5 ohms and capable of being varied in steps of 0.1 ohm, the 
100-ohm resistor is a known standard, and the remaining two arms 
of the Weatstone circuit are formed by the Direct-Reading Ratio 
set. 

2. Balance the circuit with the DRRS. If, when the circuit is 
balanced, the first dial of the DRRS does not read zero, then R, 
should be varied so that the first dial of the DRRS is zero when 
R,, is set on zero. Set the Ry, dial at step 1, advance the DRRS 
first dial to the first position, and balance with the remaining 
dials on the DRRS until a null is obtained on the galvanometer. 
Repeat this procedure over the entire range of the X0.1 dial. The 
data are shown in Table II. 

3. To find the corrections, the zero reading in the column 
headed “DRRS” is subtracted from each reading to obtain the 
values shown in the column headed “Resistance.” The amount by 
which these readings differ from nominal is the error, or correc- 
tion, and is shown in the last column, which gives the correction 
in ohms with the appropriate sign. Since all the corrections are 
less than 0.0005 ohm, they can be ignored. The corrections for 
the entire bridge are applied using the following equation: 





* Note that the difference between the two DRRS readings must be multiplied 
by 10 prior to applying the standard resistor correction, because this difference 
s in proportional parts of 100,000 ohms and it must be converted to proportional 
parts of 10,000 ohms. 
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Ry = ; ( +C, - cs) (Y. + 2 C, + Rxo) — Rxo (5) 
‘m1 i=) 


where 


settings of ratio arms in ohms 

corrections for ratio arms in ohms 

dial setting in ohms 

corrections for dial setting in ohms 

individual dial 

total number of dials 

“zero” resistance of the rheostat arm with all dials 
set at zero, in ohms 

Rx» = resistancce of leads in the Rx-arm in ohms. 


a,b 
Ca, Cr 
D; 

C; 

i 
n 


Rro 


inn d gy 


With these corrections, measurements may be made within the 
limiting accuracy of the calibrating equipment. 


Using the data obtained in this calibration, the following 
illustrative example shows how the corrections are applied. 
If a = 10,000; b — 10,000; C, = 0.6; C, = 0.6; D, 
= 50,000; C, = —2.2; D, = 7000; C, = 0.2; D, = 600; 
C, = 0.00; D, = 4; C, = 0.00; D, = 8; C, = 0.00; 
D, = 0.3; Cy = 0.00; Reo = 0.006; Ry. = 0.001. (All 
values are in ohms.) Substituting in Eq (5) gives 


10,000 
10,000 
(50,000 — 2.2 + 7,000 + 0.2 + 600 + 40 + 8 + 

0.3 + 0.006) — 0.001 


Ry = (1 — 0.6 + 0.6)- 


Rx = 57,646.3 ohms 


The percentage error in measurements made with this 
bridge based on the correction factors listed is less than 
0.005 per cent. However, it should be noted that most cali- 
brations of Wheatstone bridges cannot be given with a cer- 
tainty of better than 0.01 per cent. Therefore, it may be 
dangerous to assume that the actual measurements made 
with the bridge are really better than 0.01 per cent. In this 
respect, a word of caution is in order. After several years 
of use and with good care, a bridge may show a stability 
which can assure measurements of high orders of accuracy. 
But regardless of the quality of the bridge, the final test 
involves not only the equipment but also the user. 

When the calibration is completed, it is good practice 
to test the bridge as an operating instrument. This is easily 
done by taking several standard resistors whose values are 
well known and measuring them; when the corrections found 
in the calibration are applied and Eq (2) is solved for Ry, 
the difference between Ry and the standard resistor should 
be less than 10 ppm. 

The selection of a power source for making measurements 
with a Wheatstone bridge will depend on the magnitude of 
the measurement and the current-carrying capacity of the 
bridge resistors as well as the resistors being measured. It 
is not uncommon to make a small power supply using 
batteries and a good rheostat to give a voltage range from 
0 to 20 volts; or, if something more permanent is desired, 
a rectifier power supply can be made having a similar range. 

A discussion of galvanometer requirements may be found 
in Cited Reference (4), but there are several factors which 
may influence the galvanometer and against which precau- 
tions should be taken. The more important difficulties are 
listed below, together with their remedies. 


1. Temperature: Make measurements at a constant temperature 

2. Thermoelectric forces: Use only copper lead wires to eliminate 
thermal emfs caused by flow of current between dissimilar metals. 

3. Vibrations: This problem must be solved on an individual 
basis by selecting the steadiest support available and using shock 
mounting and damping, if necessary. 

4. Magnetic effects: Any source of magnetic fields should be 
kept away from the galvanometer. 

5. Induction: Particularly when high ohmic resistors are being 
measured, it is not uncommon to see the galvanometer “kick” 
when it is put into the circuit. This is due to unavoidable induc- 
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Table Il — Calibration of the X0.1 Dial on a 
Wheatstone Bridge 


DRRS 
0532 
1534 
2534 
3533 
4534 
5532 
6532 
7531 
8533 
9531 

10530 


Position Resistance | Correction, ohms 


| 
| 
| 
| 
| 





.0000 0.0000 
. 1002 +0.0002 
. 2002 +0.0002 
.3001 +0.0001 

4002 +0.0002 
. 5000 0.0000 
. 6000 0.0000 

6999 —0.0001 
.8001 +0.0001 
.8999 —0.0001 
.9998 —0.0002 
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tion in the circuit. The galvanometer should be allowed to settle 
down (it should do so in a second or two) before measurements 
are made, 


Kelvin (Thomson) Bridge 


The Kelvin (Thomson) bridge was developed in 1862 by 
Sir William Thomson (later Lord Kelvin) for the purpose 
of measuring small resistances with reasonable precision. 
If resistors of 1 ohm or less are to be measured accurately, 
they must be measured as 4-terminal resistors, and the best 
way to do this is with a Kelvin double bridge, the basic 
principles of whieh are shown in Fig. 12. A detailed discus- 
sion of the Kelvin bridge will be found in Cited Reference 
(5). 

There are two alternate designs for Kelvin double bridges: 
a variable standard resistor or a fixed standard in the posi- 
tion indicated by Ry in the figure. When the adjustable 
standard is used, the bridge is balanced by means of this 
standard; but when a fixed standard is used, the bridge is 
balanced by means of variable ratios. Certain precautions 
are necessary when using the adjustable standard, the most 
important of which is the connection of the standard into 
the circuit in such a way that the unused portion is not in 
series with the link, h. This can be done by making sure 
that the major part of the unused portion is connected into 
the external circuit. 

The discussion which follows is based on the assumption 
that the standard is fixed. The fixed standard should be of 
the same order of magnitude as the measurements being 
made, or as close to this as possible. The desirability of a 
1:1 ratio is no less important here, and for the same reasons, 
as in other cases. Referring to Fig. 12, the ratio R,,/a is 
called the main ratio and the ratio R,./b is called the 
auxiliary ratio. With the fixed standard, balance is obtained 


P 
Fig. 12—Basic design for a Kelvin double bridge. 
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Fig. 13—Kelvin bridge with adjustable ratios. 


by adjustment of the ratios. These ratios must be adjustable 
together. A bridge having such an arrangement is shown in 
Fig. 13. At all times the ratio of R,,/a = R,./b. This may 
be seen by reading the dials shown in the figure: 1256.32/100 

1256.32/100. Such a Kelvin double bridge is frequently 
called a double-ratio set. 

It might be worthwhile to return for a moment to an 
examination of Fig. 12. The problem encountered in using 
a Kelvin double bridge is lead resistance, both internal and 
external. By one means or another, this resistance must be 
either eliminated or reduced to the absolute minimum. The 
steps taken in making a measurement where the effect of 
leads is eliminated are as follows: 


1. Adjust the ratio so that 
Rri/a - Rr:/b = Rx/Ry (6) 


2. Short-circuit R,, and a by inserting the plug shown in place 
at P, Adjust the leads to R,, and a until the galvanometer shows 
a balance, the ratios being unchanged. The dashed arrow shown 
in Fig. 12 in the lead going to a indicates that the lead is adjust- 
able. This adjustment may be carried out merely by sliding the 
lead through the terminal or by means of the somewhat more 
refined method shown in Fig. 14. The lead going to R,, need not 
be adjusted, since it is necessary only to balance one lead against 
the other. 

3. Remove the shorting plug from P and open the connecting 
link at A. Adjust the lead going into b (again, this adjustment 
is shown by a dashed arrow). In the bridge circuit shown in 











Fig. 14—Kelvin double bridge with compensated lead resist- 


ance. 
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Fig. 14, two plug-holes are used—one for shorting R,,/a and the 
other for shorting R,./b—instead of removing the link, h, as 
described here. 

4. The link, h, is replaced and the bridge adjusted again, The 
procedure outlined in steps 1, 2 and 3 is continued until no further 
adjustment is required—in other words, the galvanometer remains 
“zeroed.” 


The bridge shown in Fig. 14 uses this method of adjust- 
ment, but accomplishes it somewhat more simply by means 
of rheostats placed in the leads. This type of instrument is 
capable of giving results with a high degree of reliability 
and considerable accuracy. 

In practice, it is really necessary to calibrate only the 
main ratio, R,,/a, since the bridge is in effect tied together. 
The method of calibrating the adjustable dials follows pre- 
cisely the methods previously outlined for calibrating a 
decadal device using a Direct-Reading Ratio Set. The method 
for calibrating the plug resistors follows the method de- 
scribed for the calibration of the ratio arms in the Wheat- 
stone bridge, which has also been described previously. 

After the corrections have been made for all the settings, 
the following equation is used 


(Ri +O +R+ +R t+ G + ---) 


Ry = (Rw + Cy) — (7) 
a+C, 
where 
Ry = standard resistor in ohms 
R,, Ro, ... = various dial settings in ohms 


C;, Cs, ... = dial corrections in ohms 
number of dials 


n= 
a = ratio-arm setting in ohms 
C, = correction for ratio-arm setting in ohms 


Cy = correction for the standard resistor in ohms 


This equation has been developed from the relationship 


given previously: Ry = Ry(R,/a). 

Using data obtained by tests, Eq (7) is applied as follows: 
R, = 600; C, = —0.01; R, = 70; C, = —0.004; R, = 
4; C, = —0.001, R, = 05; C, = 0; R, = 0.03; C, = 0; 


a = 100; C, = —0.01; Ry 5 10°. 


(All values in ohms.) 


0.0001; Cy = 


(0.0001 + 0.000000005) - 
(600 — 0.01 + 70 — 0.004 + 4 


(100 — 0.01) 


0.001 + 0.5 + 0.03) 


0.00067455 ohm 
The reliability of the calibrations is 0.01 per cent, or per- 
haps a little better. The result for Ry is, therefore, correct 
to within that accuracy. The error in the standard resistor 
has been considered in Eq (7), so it need not be considered 
further. 


Other Resistance Measurements 


Another problem which may present itself in measuring 
resistance is high ohmic value. If the resistor is constructed 
as a decade box, it can be measured by taking all the re- 
sistors in parallel. Thus, a megohm box composed of 10 
sections of 100,000 ohms each can be measured against a 
10,000 ohm standard. The proportional correction for the 10 
resistors in parallel will be the same as for the 10 in series. 
For this to be true, the variation from nominal of all the 
resistors must be so small that second-order and higher 
powers of the corrections are negligible—in other words, they 
do not differ from one another by more than 0.1 per cent. 
The accuracy of the 10 in parallel may then be considered 
to be the accuracy of the 10 in series. 

There is one final measurement connected with resistors 
which is important, but less frequently made. This is the 
determination of the temperature coefficient. In order to do 
this properly, a temperature-controlled oil bath with a range 
of 20 to 30 C is required. Measurements should be made at 
least at three points: 20 C, 25 C and 30 C. More points may 
be taken, but since 25 C is the American standard tempera- 
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ture, it is useful to have this point included. If others are 
to be taken, 23 C and 28 C are also recommended. Experi- 
ence indicates that three points fit very well into the shape 
of the manganin curve, and so the results are reliable. The 
advantage of being able to make temperature coefficient 
measurements on finished resistors is that the values fre- 
quently used for finished products are based on estimates. 
Usually these estimates are conservative, but conservative 
or not, they may be unfair. There have been instances where 
the listed temperature coefficient was high by as much as 
5 ppm per deg C. This was a case of a manufacturer pro- 
tecting himself, but it gave an inaccurate picture of the 
resistance value when temperature corrections were made. 

The measurements for temperature coefficient may be 
made with the four-dial Direct-Reading Ratio Set with the 
standard resistor being used for the measurement kept at 
25 C. Then the ordinary procedure described at the be- 
ginning of this article, for resistance measurement with 


the DRRS, is followed. 


Temperature Bridges 


If temperature is to be measured precisely, particularly 
in areas where the usual type of glass-mercury thermometers 
cannot be used, or if the temperature is too high for such 
thermometers, then it is common practice to use resistance 
thermometers. The most widely used type is the platinum 
thermometer. Since these thermometers have rather narrow 
resistance ranges—about 10 ohms to 26 ohms for the usual 
thermometers which measure up to 500 C, and even narrower 
ranges (0.2 to 0.3 ohm) for the higher-temperature varieties 
—special equipment is needed to carry out the measurement. 
This equipment should have a small overall resistance— 
about 100 ohms. 

There are several types of equipment available: e.g., the 
Diesselhorst potentiometer which, depending on the model, 
has a maximum resistance of 14.5 ohms or 20 ohms; or the 
Mueller bridge, which has a resistance range from 0 to 
111.111 ohms. The Diesselhorst potentiometer is actually a 
microvolt potentiometer which is capable of detecting very 
small differences in voltage and in this way is able to 
determine small changes in temperature. The Diesselhorst 
potentiometer is widely used in Europe in platinum thermom- 
etry, and a detailed discussion of its use is given in Cited 
Reference (6). The Mueller bridge, on the other hand, is 
the instrument most commonly used in the United States 
and is a special variety of Wheatstone bridge designed for 
measuring four-terminal resistors (which is what resistance 
thermometers are) for resistance values up to about 110 
ohms. If the temperature is to be read or known to within 
0.001 deg C, then a bridge capable of extremely small and 
accurate resistance measurements must be available. For 
the high-temperature units—say, between 500 and 1000 C— 
the closeness to which temperature can be measured is 
greatly reduced, with 0.1 to 0.5 C usually the best obtainable. 

The thermometer or temperature bridge of the Mueller 
type is shown in schematic form in Fig. 15. This illus- 
trates its Wheatstone character. The bridge consists of two 
ratio arms, A and B, and a rheostat arm. The bridge is 
always used with the two ratio arms equal. The ratio 4/B 
is kept at unity by means of a small slidewire inserted at the 
junction of the two arms. Adjustment of this slidewire will 
maintain the ratio at unity. An alternate procedure is to 
interchange these two arms so that errors are eliminated 
without resort to the adjusting slidewire. There is no need 
to calibrate the ratios, since they can always be made the 
exact ratio desired. The rheostat arms, on the other hand, 
will have to be calibrated, and these are all low resistances. 
For high precision or for moderate precision and high- 
temperature work, it may be necessary to have steps of 10 
microhms on the smallest dial. Since such resistances are 
smaller than the contact resistance of a dial, Waidner-Wolff- 
type decades are used whereby changes are made in high- 
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Fig. 15 — Schematic circuit 
diagram of Mueller bridge. 


resistance shunts acting on small resistors. A high resistance 
is shunted by a small resistance, giving a small equivalent 
resistance. Through increasing the high resistance by pre- 
determined amounts, it is possible to change the equivalent 
resistance by 0.001 ohm, 0.0001 ohm or 0.00001 ohm, de- 
pending on the results desired, without interference from 
the contact resistance. This design is widely used in pre- 
cision instruments whch must measure small resistances. 

Despite the small resistances involved, the calibration of 
the temperature-bridge rheostat arm is quite simple. An 
adjustable resistor which has the same range as the bridge 
rheostat is required. If one is not available (and since 
rheostats with 0.001-ohm steps are unusual, it is unlikely 
that one would be available), then one can easily be con- 
nected in the following manner, using a decade box with 
the lowest decade having steps of 0.1 ohm, a 0.1 ohm re- 
sistor, and a high-resistance slidewire (about 1000 ohms). 
Connect the 0.1-ohm resistor in series with the decade box 
and connect the slidewire in parallel with the 0.l-ohm re- 
sistor. A shunt decade has in effect been made. It should 
be noted that the slidewire will have to be capable of 
rather fine adjustment, and while its accuracy is not critical, 
its ability to be adjusted in small discrete steps is extremely 
important. Therefore, a slidewire of the Kohlrausch type 
will have to be used, where there is a sufficiently large 
number of turns and sufficiently fine dial adjustment to 
permit close settings to be made. 

Referring to Fig. 16, which shows this arrangement con- 
nected to the schematic of a Mueller bridge, it should be 
noted that the galvanometer is connected across the junc- 
tion of the ratio arms A and B and the sliding contact of 
the shunt slidewire. Thus the variable resistance in the 
galvanometer branch of the circuit will not affect the balance. 

The Mueller bridge is a 1:1 ratio device. Not only must 
A:B = 1:1, but the R- and X-arms also must always 
be 1:1. When a resistance therrnometer is inserted in the 
Y-arm, the rheostat dials (R) are adjusted so that the ratio 
between the two branches of the bridge remains fixed at 1:1. 


Fig. 16 — Schematic of calibration 
circuit for the Mueller bridge. 
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Shunt-box circuit. 
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Fig. 18—Volt-box circuit. 


This simplifies the calibration, because keeping this ratio 
fixed is the only requirement. Hence, standard resistors or 
other high-precision resistance equipment is not needed. In 
the calibration, the general procedure is to balance the 
X-arm against the R-arm. 

The test method employs the following procedure: 


1. The test starts with the smallest dial, and the steps are inter- 
compared. They should be within 0.1 of each other. In other words, 
if the smallest step is 0.0001 ohm, then the differences between the 
successive steps should be no greater than 0.00001 ohm. This is 
about the limit of accuracy for this method of test. 

2. Set the lowest dial of the Mueller bridge at 0 (the other dials 
may be set any place which seems convenient). Using the X-arm 
of the Mueller bridge, obtain a balance. 

3. Change the lowest dial from 0 to 1. Read the galvanometer 
deflection. 

4. Leave the dial on 1 and rebalance the galvanometer by ad- 
justing the X-arm. 

5. Change the lowest dial from 1 to 2. 
deflection. 

6. This procedure is continued until the entire lowest dial has 
been completed. The calibration is in terms of the galvanometer 
deflections. If the lowest dial is good, then the readings will all 
be within 0.1 of a dial step of the last dial. 


Read the galvanomete: 


The other dials are calibrated in a similar fashion, using 
the lowest dial as the one against which the second lowest 
is calibrated; the second lowest is used to calibrate the 
third lowest; and so on, until all dials are calibrated. It 
might be well to point out how the second-lowest dial is 
handled, because this procedure is slightly different from 
the one just described. In the calibration of, say the X0.001 
dial, the following method is used: 


1. Since, in theory at least, each step on the X0.001 dial should 
equal 10 steps on the X0.0001 dial, it should be possible to calib- 
rate one against the other. Therefore, the X0.001 dial is set on 0 
and the X0.0001 dial is set on 10. The galvanometer is zeroed by 
means of the X-arm. 

2. The X0.0001 dial is set at zero and the X0.001 dial is set 
at 1. The galvanometer deflection is read. 

3. The X0.001 dial is left at 1 and the X0.0001 dial is returned 
to 10 and the galvanometer zeroed by means of the X-arm. 


4. The X0.0001 dial is returned to zero and the X0.001 dial is 
set at position 2. The galvanometer deflection is noted. 
5. This procedure is now continued until the entire X0.001] dial 


is calibrated. 


The X0.01 dial is calibrated in precisely the same manner, 
but in terms of the X0.001 dial instead of the X0.0001 dial. 
This method of calibration may be used for other instru- 
ments (such as Wheatstone bridges) as well as Mueller 
bridges. It should be remembered that the resultant correc- 
tions are in terms of the lowest dial and are frequently 
called “dial units” or “bridge units.” It will be noted that 
actual values of resistance were not determined, and were 
not necessary because the bridge itself need have only a 
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Fig. 19— Calibration of a volt box 
with a reference (standard) volt box. 





1:1 balance at all times. A resistance thermometer may be 
calibrated on this bridge by checking its resistance at such 
known temperatures as the ice point and boiling point of 
water, the boiling point of sulfur, or (for very high-tem- 
perature thermometers) the boiling point of sodium. 

If it is desired to convert the “dial” or “bridge” units 
to ohms, it will be necessary to connect a four-terminal 
standard resistor into the X-arm of the bridge. The ratio 
of the known resistance of the standard in ohms (which has 
previously been determined) to its resistance in “dial” or 
“bridge” units may be used as a multiplying factor to con- 
vert any reading on the rheostat arm of the bridge to ohms. 


Shunt and Volt Boxes 


A shunt box is a simple arrangement (Fig. 17) of rela- 
tively low-value resistors which, when connected across a 
fixed voltage, will give a particular current. A volt box, Fig. 
18, is also a simple arrangement of resistors of relatively 
high value which serve to multiply the fixed voltage. Both 
the shunt box and the volt box are used with potentiometers 
to extend the current- and voltage-measuring ranges of the 
potentiometers. Some potentiometers may have volt boxes 
built into them, but this is not a very widespread practice. 

The calibration of a shunt box is relatively simple. For 
the resistance ranges below 1 ohm, a Kelvin double bridge 
is required. Values above 1 ohm may be measured with a 
Wheatstone bridge or a ratio set. If intermediate-valued 
standard resistors are available, then a Direct-Reading Ratio 
Set may be used. Otherwise, a Universal Ratio Set will have 
to be used. Two sets of measurements should be made, the 
first at 20 per cent of rated current and the second at 100 
per cent of rated current. Care must be taken when the 
measurements above 1 ohm are being made that the cur- 
rent rating of the resistors in the ratio sets or Wheatstone 
bridge are not exceeded. If there is a danger of this, then 
the Kelvin bridge should be used. 

A complete discussion of the testing of volt boxes will be 
found in Cited Reference (7) and a complete discussion of 
the construction of various types of volt boxes, shunt boxes 
and voltage dividers will be found in Cited Reference (8). 
The first step in testing a volt box should be the measure- 
ment of the resistance between the terminals. This gives an 
immediate check on whether the box has any defects. From 
this check, it is easy to obtain a good approximation of 
the actual voltage ratios. What the user needs in a volt box 
is the voltage ratio. Hence, the actual resistance of the 
individual resistors will be of secondary importance if the 
ratios remain constant and within tolerance. 

It is usually desirable to have high-specific-resistance 
volt boxes (that is, where the resistance per volt is large) 
because this means a smaller current load and less effect 
from heating. Since volt boxes are usually tested at both 
20 per cent of rated voltage and 100 per cent of rated 
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voltage (at least the first time they are calibrated), the 
effect of self-heating can be noted immediately. If the 20 
per cent test and the 100 per cent test show negligible dif- 
ferences, then the self-heating effect can be ignored. 

The experience of Physics Research Laboratories as well 
as that of others is that volt boxes having a high specific 
resistance (750 ohms/volt and 1000 ohms/volt) show almost 
no self-heating effects and, in all cases reviewed, the differ- 
ence in voltage ratio between 20 per cent rated voltage and 
100 per cent rated voltage was negligible. 

The usual method of making tests is to use the standard 
guarded volt box described in Cited References (7) and (8). 
However, it is not essential that this type of volt box be used. 
Appendix 1 of Cited Reference (7) describes an alterna- 
tive method which is both accurate and simple. In this 
method, a circuit such as is shown in Fig. 19 is used: Vy 
is a standard volt box—that is, a volt box which is known 
within a high degree of reliability and which has a sufficiently 
wide range of voltages that it will cover most test cases. 
The volt box used at P.R.L. has ranges of 3/7.5/15/30/75/ 
150/300/750/1500 volts and has been tested twice by the 
National Bureau of Standards. It has an internal resistance 
of 1000 ohms/volt and, except for the 20X and 50X points 
where the deviation of the ratio from unity is 0.006 per cent, 
varies no more than 0.001 per cent from unity. Returning to 
Fig. 19, Vy is the volt box under test; Ry and Ry are 
auxiliary resistors connected to the standard and unknown 
branches of the circuit, respectively; and Ly and Ly are 
variable lead resistance (a rheostat or other suitable device 
capable of small adjustments). The procedure is quite 
simple: two volt boxes are connected in parallel across a 
constant voltage (in a manner similar to the calibration of 
two voltmeters being calibrated in parallel, where one 
meter is known and the other is under test). In the case 
of the volt boxes, because of the precision and accuracy 
involved, the matching and elimination of circuit and lead 
resistance takes on additional significance. 

The sections between 6 and 4 and between e and 4’ rep- 
resent the high-voltage sides of the volt boxes involved. 
The sections between a and b and between e and f are the 
potentiometer sides of the same volt boxes. The numbered 
points are the terminal points for connecting the adjustable 
The measuring procedure is 


resistors and the galvanometer. 


as follows: 


The galvanometer is connected between points 2 and 2’ and 
the slider between 1 and 1’ is adjusted until the galvanometer is 
nulled. At this condition, 


Lx _Px+Nx+Rx _in 


la Peat ie. ie (8) 


Ww here 


iy = current through reference or standard volt box 
ix = current through volt box under test 


2. The galvanometer is shifted to 3 and 3’ and Ry or Ry is 
increased until the system is again balanced. Then 


Lz +Pz . Vz+Ry . ty’ 


Ivn+Py  VWw+Rn ix’ (9) 


where iy: and iy: are as defined above, but for a new position 
of the galvanometer. 
3. This procedure is repeated until there is a balance for both 
positions of the galvanometer, so that 
ix ix’ 
= 10 
in tn’ (10) 


Pe Fe tie + Re 
and hence ae Wet eee (11) 
Since the ratio of the volt box under test, Fy, and the ratio of 
the known volt box, Fy, are defined, respectively, as 


Vx +. Px 


Py (12) 


Fy =- 
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Vy 
and Fy = tees Ps (13) 
N 


if the lead resistances between 1 and a and between 1’ and f are 
negligible, it is now possible to write 


«o He ( + ELD (14) 


Rx 
(1 +i + a 
The computation is somewhat simplified by leaving either Ry 
or Ry equal to zero, depending on whether Fy is larger or omalies 
than Fy. There is still some lead resistance between 1 and a and 
between 1’ and d. However, in practice these resistances are negli- 
gible. The measurement of Vy + Py (and of Vy + Py) must also 
be carried out, although the precision required here is only nominal. 


The steps outlined above will have to be repeated at each 
position of the volt box, and the calculation carried out. 
One final note is worth mentioning. If the internal resistance 
of the reference volt box, Vx, is different from the volt box 
under test, Vy, then the values of Ry and Ry will be quite 
different from the case where the internal resistances are 
the same. 

Experience indicates that the difference between the 
calibration of a volt box as a resistance network and as a 
voltage-ratio device is usually of the order of 30-60 ppm, 
with the network calibration being the more conservative 
(showing the larger errors) of the two. 

There are, of course, many other direct-current devices 
which require calibration, but the basic principles discussed 
here and in Cited Reference (1) (as well as in the other 
references listed) should make it possible to devise tests 
and procedures which will be satisfactory. The primary 
prerequisite is always the ability of the individual making 
the test, and the secondary prerequisite is the quality of 
the equipment. In standards testing there is no substitute 
for judgment. OOO 


Acknowledgments 


Once again, the assistance which Hans H. Marold of the Otto 
Wolff firm in Berlin gave in reading and commenting on the 
manuscript was most helpful, as were the lengthy and detailed 
discussions with Dr. James L. Thomas (National Bureau of 
Standards, Washington, D.C.), who was most generous with his 
time and inspirational in his guidance. However, neither of these 
men is responsible in any way for the statements made in the final, 
published form of this material. 


Cited References 


1. “How to Make Basic D-C Measurements,” 
ELECTRICAL MANUFACTURING, May 1960, p 224. 

2. “Standard Resistors and Their Measurement,” 
Thomas, NBS Circular No. 470, 1948. 

3. Electrical Measurements, Frank A. Laws, McGraw-Hill Book 

0., Inc., 1938. 

. “Wheatstone Bridges,” Physics Research Laboratories, Inc.. 
Technical Note No. 323-WB. 

. “Kelvin (Thomson) Bridges,” Physics Research Laboratories, 
Inc., Technical Note No. 323 K(T)B. 

. “Diesselhorst-Hausrath Potentiometers,” Physics Research Lab- 
oratories, Inc., Technical Note No. 331-PD-H. 

. “Testing and Performance of Volt Boxes,” F. B. Silsbee and 
F. J. Gross, NBS Research Paper RP 1419, Vol. 27, Septem- 
ber 1941, 

. “Volt Boxes, Shunt Boxes and Voltage Dividers,” Phvsics Re- 
search Laboratories, Inc., Technical Note No. 332-VB. 


James B. Kelley, 


James L. 


Other Reference 
Electrical Measurements, Forest K. Harris, John Wiley and Sons, 
Inc., 1952. 


AVAILABLE 


REPRINTS OF THIS ARTICLE ARE 
rcle No. 948 on the Reader Inquiry Service 


Card at the end of | to get your Copy 








Thermally Conductive 
Cast-Resin Compounds 


For Heat Dissipation 


High-thermal-conductivity embedment and potting compounds can be 


used in electronic packaging applications to provide effective heat dis- 


sipation, minimizing the need for heat sinks or forced cooling. Properties 


and effects of various fillers that contribute to thermal conductivity are 


discussed. Specific design applications are analyzed. 
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THE THERMAL CONDUCTIVITY ability of a casting-resin 
system (for electronic embedment, encapsulating or pot- 
ting) may be used to obtain an improvement in the over- 
all heat dissipation characteristics of a given device or 
equipment where heat removal is a problem. By the use 
of suitable fillers and the application of proper com- 
pounding and testing procedures, resin systems of sub- 
stantially enhanced thermal conductivity can be made 
without any impairment of required electrical resistivi- 
ties. The use of such thermally conductive resin systems 
is particularly helpful in the case of power-generating 
devices where the optimum design requirements call for 
minimum size and minimum product cost for maximum 
power output. 


Analysis of Design Advantages 


The application of a high-thermal-conductivity cast- 
resin compound to attain maximum heat dissipation has 
to be weighed against the use of (a) heat sinks or forced 
cooling, or (b) higher-rated electrical insulation. 

It is generally agreed that each of the mechanical ap- 
proaches (heat sinks or forced cooling) has some dis- 
advantages. Overall manufacturing costs are necessarily 
increased and so are the size and weight of the equip- 
ment being designed. This result is particularly undesir- 
able in the case of airborne electronic equipment where, 
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obviously. weight reduction is all-important. 

The employment of higher-rated insulating materials 
as an alternative to improving heat dissipation may like- 
wise add to manufacturing costs. New manufacturing 
problems may be introduced, reduced yields may result, 
and reliability of the equipment may be adversely affected 
by factors other than the operating temperature. 

The design use of high-thermal-conductivity casting 
resin compounds should therefore provide both perform- 
ance and cost advantages in many applications in com- 
parison to the other methods discussed. In many instances 
the other methods may be completely eliminated or de- 
pendence on them may be significantly reduced. 


Fillers—Key to Thermal Conductivity 


Since casting resins in their unfilled state usually show 
only minimal differences in thermal conductivities, the 
key to the development of high-thermal-conductivity com- 
pounds lies in the physical and thermal characteristics 
of fillers and in establishing some principles for their use. 
The discussion and the data in this article will refer 
primarily to epoxy-resin compounds, but the principles 
developed are equally applicable to other casting-resin 
compounds, 

A survey of fillers of high-thermal-conductivity char- 
acteristics (])* gives the following values for four rep- 
resentative fillers (all in cal/cm/sec/sq cm/deg C): 





mica 0.0012 
sand 0.0028 
aluminum 0.497 
coppel 0.918 
* Italic numerals in parentheses refer to Cited References at end of article, 
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From these data it might be deduced that a casting resin 
system into which powdered-metal fillers such as alumi- 
num and copper have been introduced would yield a 
compound of the highest possible thermal conductivity. 
However, other factors are at work. Examination of the 
table (see next page) of characteristics of various filled 
compounds shows that the compounds prepared with 
coarse-grain sand and tabular alumina have a slightly 
higher thermal conductivity than those prepared with a 
fine-mesh aluminum, despite the much higher thermal 
conductivity of the latter. On the other hand, the com- 
pound with a coarser (30-mesh) aluminum filler has an 
appreciably higher thermal conductivity than both the 
sand-filled and the fine-mesh aluminum-filled compounds. 

Another apparent inconsistency is the fact that the 
copper-filled compound exhibits a lower thermal con- 
ductivity than the 30-mesh aluminum compound, al- 
though copper has a much higher thermal conductivity. 
All of these apparent inconsistencies are explainable by 
the effect of particle type and particle size of the filler. 
These two variables determine the amount of a given 
filler that can be compounded into a given resin system 
and still produce a compound with a viscosity fluid 
enough for use in electronic packaging applications. 

Specific gravity is still another variable that influences 
thermal conductivity. As will be explained in greater 
detail later, the volume concentration of a filler is more 
meaningful than weight concentration in determining 
the extent to which thermal conductivity can be increased. 
The end result is that maximum thermal conductivity in 
a given resin compound is achieved through the use of 
a filler that combines these two characteristics: (1) high- 
est possible thermal conductivity and (2) highest possible 
volume concentration in the compound. 


The various aspects of particle size and type, weight 
and volume concentrations are involved in what is known 


as “bulk effect.” 


Editor’s Note 


Cast-resin applications in electronic packaging have 
assumed almost universal proportions in the past few 
years. The growth and diversity of such applications 
appear to show no signs of diminishing. Since cast- 
resin compounds are essentially systems, comprising 
base resin, catalyst, diluents, and fillers, among other 
elements, an understanding of the function of these 
elements as mechanisms in the final performance of 
the compound is a necessary information tool for the 
design engineer. It is not sufficient, for example, to 
know that a certain epoxy-resin compound has a sand 
filler to improve thermal conductivity. What kind of 
sand? What does the sand actually contribute? What 
test methods are used? These and other questions need 
to be answered. It is for these reasons that high pri- 
ority is currently being given by such groups as the 
AIEE Committee on Electrical Insulation for a study 
of meaningful test procedures and standards for cast- 
resin compounds. This article by C. A. Harper gives 
some practical principles derived from actual design 
and field experience. 
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Relation of ‘‘Bulk Effect’ to Thermal Conductivity 


In general, an increase in thermal conductivity of a 
filled resin compound depends more on the quantity (or 
bulk) of filler added than on the type of filler used, as 
long as the fillers are of the same particle type. In the 
table, the mica-filled and the aluminum-filled compounds 
each contain 40 per cent of filler by weight; consequently, 
the thermal conductivity of the filler determines the 
thermal conductivity of the compound (in this example, 
the aluminum-filled exhibits the higher conductivity). On 
the other hand, a filler material of good conductivity 
combined with large particle size (such as sand) can 
be added to a resin compound in concentrations up to 
80 per cent. Reference to the table will show that a 70- 
per cent sand-filled compound has a higher thermal con- 
ductivity than a 40-per cent mica or aluminum-filled com- 
pound, although the sand filler itself has a lower thermal 
conductivity than aluminum. Results similar to those 
obtained with a high concentration of sand can also be 
obtained with a high concentration of other good- 
conductivity large-grain-size fillers such as tabular alumi- 
na, although an electrical grade of sand, such as is used 
with embedment compounds, is usually much more 
economical, 

It could be suggested that, for the mica and aluminum, 
an increase in filler concentration over 40 per cent would 
further improve the thermal conductivity of the respec- 
tive compound; but at this point, excessive viscosity be- 
comes a practical limitation since a concentration of 
mica powder or aluminum powder higher than 40 per 
cent yields a compound with poor flow properties (actu- 
ally, an aluminum-filled compound of 40 per cent concen- 
tration is almost a paste). 

The mechanism of this “bulk effect” can be explained 
as follows: the normal thermal conductivity of a filler 
material is retarded when compounded with a casting 
resin since the latter is inherently a good insulator and 


Nomenclature in the casting-resin field is still some- 
what unresolved. Definitions proposed several years 
ago by this editor are therefore reprinted here as a 
basic glossary: 


Casting Resins: A generic term for all resins used for 
the purposes of embedment, encapsulation, potting 
and impregnation of circuit sub-units and components. 


Embedment: A component part or circuit sub-unit 
completely cast within a block of resin. Only a tem- 
porary mold is used, which is discarded after casting 
and cure have been accomplished. 


Encapsulation: Casting resin applied by means of dip- 
coating or other surface application method followed 
by cure. The cured resin follows the configuration of 
the part. 


Potting: Embedment where the mold in the form of a 
can or other container remains as an integral part of 
the unit. —A.E. J. 








Thermal Conductivities of Epoxy-Resin 
Embedding Compounds Using Various Fillers 


| 
Per cent filler |Thermal conductivity 
in compound, | of filled compound, 





Filler by weight j[watts/sqin./degC /in. 
Copper powder 90 | 0.040 
(Venus A, U. S. Bronze) 
30-mesh aluminum 80 0.064 
Fine-mesh aluminum 40 0.022 
Coarse-grain sand 70 0.025 
Tabular alumina 80 0.026 
325-mesh mica 45 0.013 
325-mesh silica 55 0.019 
Hollow phenolic spheres 15 0.003 
Unfilled epoxy resin* { 0.005 
Unfilled urethane foam,* 5 1b/cu ft density 0.001 


* Presented for comparison. 


therefore forms a thermal barrier between the filler par- 
ticles. To increase overall thermal conductivity, it is 


therefore necessary to shorten the heat-conduction paths 
through the resin and to lengthen them through the filler, 
since the latter has the better thermal conductivity. This 
overall reduction in resistance to conductive heat flow 
through the compound can be achieved by increasing the 
volume concentration of the filler or—stated more simply 
—by adding more filler particles. The relationship be- 
tween thermal conductivity and filler concentration is 
shown in Fig. 1. Detailed studies of work in this field 
have been published by Formo et al.(2) 

Some comment should be made on copper powder as 
a filler. Based on its good thermal conductivity, this 
material should be favorably considered for high-thermal- 
conductivity cast-resin compounds. However, its high 
density sets up some practical difficulties. It is often quite 
difficult to keep copper powder in suspension in embed- 
ding compounds long enough for a compound to be 
cured. The lower the compound viscosity and the longer 
the required pot life, the greater becomes this problem. 

Not all filler materials used for cast-resin compounds 
necessarily have the function of improving thermal con- 
ductivity. Fillers can be employed, for example, to reduce 
the specific gravity of a compound. An epoxy-resin com- 
pound filled with hollow phenolic microspheres (see 
table) provides an illustration. In this case, the thermal 


Appendix—Thermal Conductivity Measurements 


Two methods for obtaining thermal conductivity 
data on cast-resin compounds are commonly in use: 
(a) the Cenco-Fitch Thermal Conductivity Apparatus 
and (b) the ASTM Guarded-Ring Method C 177-45. 
A general description follows: 


Cenco-Fitch Thermal Conductivity Apparatus. This ap- 
paratus (4) is shown in Fig. 4. A thin piece (0.125 in.- 
0.250 in.) of the material whose thermal conductivity is 
to be measured is placed between an upper vessel kept at 
constant temperature (100 C) and a lower insulated block 
of copper of known thermal capacity. The heat conducted 
through the material raises the temperature of the copper 
block by a measured amount. Thermocouples and galvano- 
meter are used to indicate temperature differences. From 
the rate at which heat is conducted through the material, 
and the area, thickness and temperature difference of the 
faces of the specimen of material, its thermal conductivity 
is calculated. 

The thermal conductivity can be measured and calculated 
as follows: 

Galvanometer deflection readings are taken at intervals 
of 1, 2, or 3 min, according to the rate of change of the 
deflection. Readings are taken until the galvanometer goes 
off scale or until 30 min have elapsed. Thickness of the 
sample is measured with a micrometer. A graph of the data 
is plotted using the time as abscissa and the logarithm 
(base ten) of the deflection reading as ordinate. This graph 
and the following equation are used to calculate the thermal 
conductivity: 

WCl (log i, — leg i) 
K 2.303 
{ t—t 


0 


150 





Fig. 4—Set-up for measuring thermal conductivity by means 
of the Cenco-Fitch apparatus. 


where 
K = thermal conductivity of sample, cal/sec/cm?/deg C/cm 
! = thickness of sample, cm 
Ve = mass of copper plug, gm 


C = specific heat of copper plug, cal/gm 
A = area of copper plug, cm? 

i = final deflection of galvanometer 

i, == initial deflection of galvanometer 


time difference between reading i and i,, sec 
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conductivity is extremely low since the gas or air-filled 
microspheres greatly increase resistance to conductive 
heat flow. It might also be noted that low-density foam 
embedment materials such as the urethanes (see table), 
owing to their gas- or air-filled cellular structure, are also 
poor thermal conductors. 


Application of Thermal Conductivity Data 


The discussion in the following sections will deal with 
the application of thermal conductivity data in relation 
to (a) localized heat sources and (b) a gradient heat 
source. The specific design problem was as follows: 
A number of magnetic amplifiers, some having toroidal 
cores up to 5 in. diam, were to be mounted in a cabinet 
adjacent to some critical semiconductor devices. It was 
therefore desirable to keep the heat rise of the resistors 
and toroidal cores as low as possible. The cast-resin em: 
bedded reactors form a 3-phase full-wave bridge mag- 
netic amplifier. They are used in d-c regulated supplies 
with output ratings of 300 amp, at voltages from 26 to 
42 volts in a 55 C ambient. The reactors are 81% in. 
diam., 6 in. high, and weigh approximately 50 lb. The 
net result of the investigation detailed here led to adop- 
tion of a sand-filled epoxy-resin embedment compound. 


QD D 


l 
IU 


A -Central a er 
&-Central surface plates pee unit 
C€-Guard heater fees section of 


é, E, 
pee section of 


Heating unit 


O-Guard surface plates )heating unit 


E - Cooling units 

E,-Cooling-unit surface plotes 

F -Differential thermocouples 

G -Heating-unit surface thermocouples 

H -Cooling-unit surface thermocouples 

J -Test specimens 

Fig. 5—General features of the guarded-ring method for 


thermal conductivity measurement. (Source: I. Axelrod, 
Materials Laboratories, Westinghouse Electric Corp.) 


APRIL 1961 


Volume, per cen 


a A |i | | 
ot ee et. 
eee 


Conductivity, 
cal /sec/cm2/deg C/cm X 104 


m 
oO 


Weight, per cent 


Thermal 


40 50 60 
Per cent filler 


Fig. 1— Effect of filler concentration on thermal conductivity 
of cast-resin compounds. [Source: Cited Reference (2).] 


Localized Heat-Source Application. Figure 2 shows 
the results of heat dissipation tests employing various 
resistors as heat sources and embedment compounds 
with various filler concentrations. (3) 

The heat sources were 24-watt tubular resistors under 


ASTM Guarded-Ring Method. The general features of 
this method are shown in Fig. 5. Electrical energy is sup- 
plied to the central heating element (A) and regulated to 
give a temperature difference across the specimen (/) of 
not less than 23 C. The rate of electrical energy input to 
the guard ring (D) is then adjusted so that the maximum 
temperature difference between the central surface plates 
(B) and guard surface plates (D) does not exceed 0.75 
per cent of the average temperature drop through the two 
halves of the specimen, as determined by the differential 
thermocouples (F) and the surface thermocouples (GC) 
and (H). After a steady temperature between 40 and 50 C 
has been reached, the test is continued until successive 
observations made at intervals of not greater than 1 hr, 
over a period of 5 hr, give thermal conductivity values 
that are constant to within 1 per cent. The thermal con- 
ductivity (K) is calculated by substitution in the formula: 


qL 
K =s.- 
A(t, — t,) 


= watts/sq in./deg C/in. 


watts/in. deg C 


rate of heat transferred, watts 

length of path of heat flow, thickness in in. 
actual area of flat surface, sq in. 
temperature of hot surface, deg C 
temperature of cold surface, deg C 


Laboratory measurements are made using a wattmeter 
and a micrometer caliper graduated in inches. Calculations 
from laboratory data give thermal conductivity in watts/ 
in. deg C. The thermal conductivity in cal/sec/sq cm/deg 
C/cm may be obtained by multiplying these values by the 
conversion factor 0.09413. To convert to Btu/in./sq ft/hr/ 
deg F, multiply watts/in. deg C by 273. 











Fig. 2—Heat dissipation from a localized heat source using 
various embedding compounds. Heat source in each case is a 
standardized embedded 24-watt resistor under a 4-watt load. 
Temperature shown is that of the resistor surface. [Source: 


Cited Reference (3/.] 






































Fig. 3— Heat dissipation from a heat source of considerable 
temperature gradient. Heat source in each case is a standardized 
embedded toroidal magnetic core under a 10-watt load. Tem- 
perature shown is that at the geometrical center of the core. 
[Source: Cited Reference (3).] 


4-watt loads. The resistors were cast in a cylinder ap- 
proximately 314 in. diam by 3 in. high. Temperatures 
were measured by a copper-constantan thermocouple 
which was bonded onto the body of the resistors. As can 
be seen, the actual heat-dissipation curves agree very 
well with the thermal conductivity data shown in the 
table. For instance, the internal heat rise is reduced by 
increasing the filler both for mica-filled compound and 
for aluminum-filled compound. It is also shown that the 
aluminum-filled compounds have improved thermal con- 
ductivity over the mica-filled compounds. Nevertheless, 
the important point which is brought out is that the 
sand-filled compound produces a greatly improved heat 
dissipation over that of mica or fine-mesh aluminum com- 
pounds, especially where the concentrations of the mica 
and aluminum compounds have to be kept low to give a 
compound of suitable working viscosity. The real ad- 
vantage of a filler such as sand is readily seen when we 
realize that the temperature rise is diminished by ap- 
proximately 75 C from that occuring with the mica-filled 
compound. 
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In design terms, several advantages accrue from the 
use of a high-thermal-conductivity compound such as 
the sand-filled type: there is a choice of increasing the 
power rating, reducing the size and weight of the package, 
or minimizing the use of any accessory heat-dissipation 
equipment such as forced-air cooling systems or heat 
sinks. 

The initial rate of temperature rise and the rate of 
internal temperature dropoff as power is turned off are 
other factors that are perhaps as important as the actual 
operating-temperature rise. Figure 2 provides some data 
on these points. 

Gradient Heat-Source Application. Figure 3 shows 
an extension of the data developed thus far, as applied 
to a heat source of considerable gradient involving em- 
bedment of toroidal reactors. This would be representative 
of the more common variable-temperature heat source. 
The electrical load in this case was a 2 in. ID x 3 in. 
OD x % in. high toroidal magnetic core with 10 watts 
being dissipated. The core was cast into a cylindrical 
shape approximately 314 in. diam by 3 in. high. Tem- 
perature measurement was by a copper-constantan ther- 
mocouple mounted in the unfilled epoxy, mica-filled 
epoxy and sand-filled epoxy to represent various condi- 
tions of thermal conductivity. (Actually, it was improb- 
able that the unfilled epoxy would be used for this ap- 
plication, but the heat-dissipation data were retained 
for comparison.) The differences in temperature rise 
for the various compounds, as shown in Fig. 3, support 
the data from the table. Again, the substantial reduction 
in temperature rise is observed to be sufficient to allow 
the designer of electronic and electrical packages the 
advantages and choices already mentioned. It can be 
seen, however, that the improvement in temperature rise 
depends somewhat on the power load and on the type 
of heat source—that is, localized or gradient. The tem- 
perature curves follow similar trends for all cases. 

It is interesting to observe the effects of overload on 
the energized magnetic cores as embedded in the various 
compounds. Under overload, the lowest temperature rise 
is observed when the sand-filled compound is used. Ac- 
tually, the final difference in temperature rise between 
the sand-filled and the mica-filled compounds is much 
greater under overload than was observed for the original 
power loading. Not only does the temperature rise much 
more slowly with the sand-filled compound under over- 
load, but the temperature drops off much more rapidly 
when overloading is removed. O00 
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SM GROUP 


Optional 0.1% or 0.01% regulation: 


3Y2” PANEL HEIGHT 


0.1% DC OUTPUT 0.01% 
REGULATION RANGE REGULATION 


MODELS VOLTS AMPS MODELS 
SM 14-7M 0-14 «(0-7 SM 14-7MX 
SM 36-5M 0-36 0-5 SM 36-15MX 
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54” PANEL HEIGHT 
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SM325-1M 0-325 0-1 SM 325-1MX 


8%” PANEL HEIGHT 
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SM 36-15M 0-36 0-15 SM 36-5MX 
SM 75-8M 0-75 0-8 SM 75-8MX 
SM 160-4M 0-160 0-4 SM 160-4MX 
SM 325-2M 0-325 0-2 SM 325-2MX 


SM GROUP 


Precise, reliable performance in a 
wide choice of output ranges. 


Three rack sizes: 834” H, 54%” H, and 
3%” H. Impervious to operational 
damage: circuit protection is an in- 
herent function of input transformer 
and regulator characteristics. 
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HB 8M 
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0-325 0-400 
0-325 0-600 
0-325 0-800 


PR GROUP 
7” PANEL HEIGHT 


DC OUTPUT RANGE 
MODEL VOLTS AMPS 


PR15-30M 0-15 0-30 
PR38-15M 0-38 0-15 
PR 80-8M 0-80 0-8 
PR155-4M 0-155 0-4 
PR310-2M 0-310 0-2 


Exceptional performance: delivers 
0-325 v de at 200, 400, 600 or 800 
ma from one standard 34%” H_ rack- 
mounting package. 


Incorporates many “special” features 
as standard: constant current mode, 
remote programming, remote dc on- 
off control. 
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of semi-conductor power supplies. 
Adjustable wide-range outputs. 
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for load. Many standard modifications 
available. 
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The Weighted Resistor Decoder: An Error Analysis 


NATHAN ARON and ROBERT A. GOUNDRY 


Missile Electronics and Controls Division 


Rapio CorPoRATION OF AMERICA 
Burlington, Massachusetts 


DECODERS FOR CONVERSION of binary- 
digital to analog information make use 
of resistive networks to provide an 
analog voltage or current output cor- 
responding to the digital input.* Two 
such configurations of frequent applica- 
tion are the binary-weighted resistive 
network of Fig. l(a) and the binary lad- 
der of Fig. 1(b). Conversion occurs as 
terminals 1 through n are switched by 
the digital information between a refer- 
ence voltage, either a-c or d-c, and 
ground. The output is the a-c or d-c 
analog of the digital input, depending 
on the reference input. This paper is 
concerned with the conversion errors 
of the binary-weighted resistor decoder. 
The resolution of the decoder can be 
only as good as the least-significant 
digital-input value of one bit. How- 
ever, assuming a perfectly regulated 
reference voltage and ideal switches, 
the accuracy of the converted analog is 
determined by the accuracy of the 
binary-weighted resistors. For example, 
if the digital input consists of eight 
binary digits, the equivalent analog 
value can be resolved to one part in 
25, or 256. Each of the 256 equivalent 
analog outputs, however, will have an 
accuracy, with respect to full scale, 
determined by the accuracy of the 


*B. D. Smith, “Coding by Feedback Methods,” 


Proc. IRE, August 1953, and Notes on Analog- 
Digital Conversion, edited by A. K. Susskind, 


Technolo 


gy Press (MIT), 1957. 








Fig. 2—Resistive voltage decoder. 


binary-weighted resistors. If each of 
these values is to have a conversion ac- 
curacy—at full scale—of +¢/2 or 
less, the tolerance of each of the resis- 
tors of the set is typically selected as 
+e/2 for a digital-to-analog converter 
of the weighted resistor type. However, 
it can be shown that the resistor toler- 
ance can be relaxed and need be only 
+e for an error with respect to full 
scale to be less than +e/2. 

Decoder Equivalent Circuits. Figure 
2 is the circuit of an n-bit binary- 
weighted resistor voltage decoder con- 
sisting of resistors R,, R., Rz,..., Ry. 
Since this is a binary set, 


R, = Rp, R: = 2Rp, R; = 4Rp,..., 
R, = (2" — 1)Rp (1) 


where Rp, is the resistor representing 
the most significant bit. The resistors 
are switched at terminals 1, 2, 3,...,n, 
between a reference voltage E and 
ground by the flip-flops or relays of the 





(b) 


Fig. 1—Conversion networks: (a) binaryladder and (b) binary weighted. 
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Analog 
output 
voltage 


digital-input register. When the refer- 
ence voltage E is connected to a decoder 
resistor, the input corresponds to binary 
one; when the decoder resistor is con- 
nected to ground, the input corresponds 
to binary zero. The output voltage e, 
is the analog-output equivalent of the 
binary-digital input setting of the input 
register. 

At any switch position or combina- 
tion of switch positions corresponding 
to the digital input, the circuit of Fig. 
2 may be represented by the equivalent 
circuits of Fig. 3. As shown, Ry, is the 
equivalent resistance of the parallel 
combination of resistors connected to 
the reference voltage E (the binary-one 
settings of the digital-input register) 
and R, is the equivalent resistance of 
the parallel combination of resistors 
connected to ground (the binary-zero 
settings of the digital-input register). 

If R is the equivalent resistance of 
the parallel combination of all the 
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binary-weighted decoder resistors, then 


] 1 1 


er amg 2 
R- Ra , Rp (2) 


1 1 1 1 
ho: hae 


n 


or, equivalently, 


bes 3 1 1 
RR * th. 3h 


l 2*-1\ 1 
21Rp (> se () 


k=l 


n 


By letting r; identify the i-th resistor 
connected to the reference voltage E, 
and r; the j-th resistor connected to 
ground, it is evident that 


re A A. a 
isis rn, Rob 4 
ae 29 
Rp a r; ¥ Rp 

i 


The analog output voltage 
pressed as 


Rp | a 
Ra + | s @ 


or, in terms of R and R,, by substitu- 

tion of Eq (2), 
oo 

e@ = Ry E (8) 

The Thevenin equivalent circuit of 

Fig. 3 is shown in Fig. 4. The series 

resistor is the resistance of the parallel 

combination of the  binary-weighted 

resistors and is found, from Eq (4), 

to be 
9n-1 Rp 


R= nes Rp—> 


2] 2 (9) 


for n—>o, where R,, is the resistance 
of the most significant bit. The Thevenin 
equivalent voltage, Ey, is 
. ae oc 
Er = Ra E (10) 
With a load resistance R,, 
voltage becomes 


& = = BE (il) 


Ra R 
(: ’ ri: ) 


This expression indicates that the ana- 
log output voltage decreases with de- 
creasing R, and that finite load re- 
sistance establishes a new full-scale out- 
put voltage whose magnitude is less 
than the reference voltage E. 

For determination of the conversion 
error, it shall be assumed that there 


the output 
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is an infinite load impedance. However, 
the results are applicable for any load 
whenever there is no load variation— 
the situation usually encountered. 

The fractional error in the analog 
output voltage, obtained from Eq (8), is 
de, _ ar dra 

Ce ae a: Ra (12) 
The analog output-voltage error with 
respect to the full-scale output voltage 
E, the reference voltage, is more fre- 
quently required. This error, also de- 
rived from Eq (8), is given by 


dep RfdR_ dRa : 

2 wee. re | (13) 
Equation (14) relates the fractional 
error de,/e, and the error with respect 


to full scale, de,/E 


deo _ de, 
E -a LS | (14) 


Equation (13) expresses the error in 
the analog output voltage in terms of 
the ratio R/R, and the errors dR/R 
and dR,/R,. The ratio R/R, repre- 
sents the ratio of the parallel combina- 
tion of all resistors to the parallel com- 
bination of resistors switched to the 
reference voltage E, and hence, the 
inverse ratio of the full-scale binary 
number 2” — 1/2” to the binary number 
switched, 1 %(1/2" 1), This ratio is 
limited as follows: 


0o< Ro = 3 (15) 
Ra 
The ratio dR/R, the resistance error of 
the parallel combination of the decoder 
resistors, may be determined from Eq 
: and is 


_pfidm , 1d,  , 1dR, 
R n-*Lnn * Sh R | 


7 dR 
R, Ri 


k~1 


=R (16) 


where dR;/R; is the individual resist- 
ance tolerance or error of each resistor, 
R,,. Equation (16) may be simplified, 
by using Eq (1), to become 
aR 1 dR 
R Rp 2a" Ry 
km) 
Similarly, dR,/R,, the error of the 
parallel set of resistors representing the 


binary-one values, may be found from 
Eq (5) and, by using Eq (1), is found 


to be 
wn) 
ri 


The resistance r; is that of the i-th 


(17) 


. 


(a) 


Fig. 3—Equivalent circuits of the resistive 
decoder. 


R 
—E 
Ra 


Fig. 4—Thevenin equivalent circuit. 


de, 


Moximum fractional output 
conversion error, 


Binary number converted 


Fig. 5—Fractional output-error relation 
to binary input. 


Maximum output conversion error 


x 
1 27-1 2°-) 
2t 2" 2" 


Binary number converted 


Fig. 6—Output error with respect to full- 
scale relation to binary input. 


resistor (of the set of n_ resistors) 
which is switched to the reference volt- 
age E (binary one), and dr;/r; is the 
resistance tolerance or error of this i-th 
resistor. 

If it is assumed that the separate re- 
sistors of the set can each have toler- 
ance values of +e, the maximum 
\de,/e,| and |de,/E| can readily be 
determined as a function of the number 
converted. Therefore, let 
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| dr; | 
= |_| 
my [| 


|dRi| _ | dr; 


The curves of maximum limiting con- 
version error are obtained by: first, 
substituting Eqs (17), (18) and (19) 
into Eqs (12) and (13); second, using 
Eq (15); third, recognizing from the 
equivalent circuit of Fig. 3 that the 
largest error in the output voltage will 
occur when the sign of resistance errors 
for resistors switched to E (binary one) 
is the opposite of that for the errors in 
the resistances switched to ground 
(binary zero). It can be shown that 
the output errors are 








| de, pind .} be ais 
Pah mr =) oe 
2n 
and 
de, _ zr . a ae 
B~™ By! ~ (B=) or 
2" ) 2" | 


where x is defined as the binary num- 
ber converted; i.e., 


1 2°—1 
r=\% 3 oT - i (22) 


at full scale. Equation (20) is plotted 
in Fig. 5, which applies to decoders of 
any number of bits. It is seen that the 
fractional error increases linearly to a 
value approaching 2e (for large n) 
with a decrease in x. 

Equation (21) is plotted in Fig. 6. 
This parabolic curve also applies to 
decoders of any number of bits. Since 
x is not a continuous variable (due to 


the binary switching), the maximum 
error of e/2 occurs at a value of x be- 
tween two permitted values. Therefore, 
the maximum is approached only for 
decoders of large n and, consequently, 
small separation between permitted 
values of x. However, an upper bound 
on the conversion error can be set with 
certainty and is 


| = <= (23) 

Consequently, to achieve n-bit accu- 
racy in an n-bit digital-to-analog con- 
verter with a binary-weighted set of 
resistors, the tolerance, e, of individual 
resistors need be only +1 bit, or 
+1/2". For example, it is sufficient 
that an 8-bit decoder have individual 
resistor tolerances, E, of +1/2° = 0.39 
per cent to achieve an analog voltage 
with an accuracy of +1% bit = +(14)- 
(1/28) == +0.2 per cent. It should be 
reiterated that ideal switches and refer- 
ence voltage have been assumed. O OO 





Exceeding Resistor Power Ratings 


KURT GREENE 
U. S. Testine Co. 
Hoboken, N. J. 


THE NOMINAL POWER RATING of a re- 
sistor indicates the power which the 
resistor can dissipate continuously at 
a specified ambient temperature and 
for a stipulated period of time without 
having its resistance drift in excess of 
a specified amount. The power rating 
depends on the resistor’s size, the meth- 
ods and materials used in its construc- 
tion, the stability required, and the 
freedom with which the resistor is able 
to dissipate its internally generated 
heat. 

The maximum temperature at which 
a resistor may be operated (determined 





Ambient temperature ,deg C 


Fig. 1—Derating curves extended for 


operation at 70 C. 
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by the characteristics of the materials 
used) establishes one point on the rat- 
ing (or “derating”) curve for the re- 
sistor (point A in Fig. 1). Another 
point on the curve (B) is determined 
by the desired ambient under which the 
resistor is to operate. The method of 
establishing this second point, however, 
is not easily defined. It can be limited 
by “hot spot” considerations or sta- 
bility requirements. If one recognizes 
that the temperature of any part of 
the resistor is the sum of the ambient 
temperature and the _ self-generated 
temperature resulting from dissipated 
power, a power-rating limitation can 
be determined. The hot-spot tempera- 
ture cannot exceed the maximum allow- 
able as governed by the resistor ma- 
terials. Hot-spot temperatures are dif- 
ficult to measure, however, and are often 
estimated by surface measurements. 
For any desired operating tempera- 
ture and stability, the maximum power 
rating can be established empirically 
by testing a sufficient quantity of resist- 
ors. Although this establishes the rating 
on a factual basis, it has the disad- 
vantage of requiring a great deal of 
time to accumulate sufficient data. 
The power rating of any resistor can 
be estimated for all ambient tempera- 
tures between points A and B of Fig. 
1 by connecting the two points with a 
straight line. The intermediate ratings 
are estimated only, since straight-line 
derating is an assumption (although 
experience has indicated that it is a 
good approximation). Most specifica- 
tions follow this rating practice. The 


power rating is specified for a given 
ambient temperature, and if a load-life 
test is required, the temperature and 
the length of the test are specified. The 
amount of resistance change is also 
given, thereby defining stability. 

It is possible to assign several power 
ratings to any resistor by picking points 
along the rating curve. Thus, a resistor 
with a nominal rating of 1 watt at 125 
C may be designated a 14-watt resistor 
at 150 C. It should be noted that the 
derating curve is conventionally shown 
flat at 100 per cent for all temperatures 
below the designated ambient operating 
temperature. Since, for a given sta- 
bility requirement, the power rating is 
a function of temperature, it should be 
possible to increase the power dissipa- 
tion at ambient temperatures below the 
rated conditions. This can be seen in 
Fig. 1, where the rating curve is ex- 
tended linearly to temperatures below 
the rated conditions. 

This “rerating” to achieve higher 
power is advantageous in many appli- 
cations where ambient temperatures are 
not critical but savings in space are. 
The possibility of obtaining higher 
power ratings, resulting in smaller com- 
ponents for equivalent power-handling 
capacity, was investigated by testing a 
number of film resistors of the types 
covered by specifications MIL-R-10509 
and MIL-R-19074. Both of these speci- 
fications require a stability of either 44 
of one per cent or 1 per cent for a 
1000-hr load-life test at 125 C. Using 
the curves in Fig. 1, it was determined 
that the equivalent power rating for 
operation at 70 C was 2.1 times the 
rating at 125 C. Two life tests were 
therefore conducted: one at rated power 
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BASIC PRECISION SWITCHES 


CONTROL SWITCH DIVISION 


Meet Thousands of Application Needs 
with these Five Basic Switch Types 


STANDARD MODELS in a wide 
range of dimensional and 
characteristic designs—from the 
tiny, powerful sub-subminiature 
type to the large, general purpose 
type where size is not important. 
See each switch series for 
application suggestions and 

brief specifications. 


VARIATIONS—hundreds available 
—designed and engineered to 
meet such specific require- 
ments as: 

U.L. listings 

high temperatures 
dry circuitry 

extra long life 

high electrical ratings 


reset for 2-way limit 

high in-rush 

AN and MS 
specifications 

special terminals 


ideal 
for compact, 
precision control uses... 


E 4 series 


perfect for 
super-sensitive 
uses... 


‘T SERIES 


SUB-SUBMINIATURE, SPDT, 
YM" XM" xh” 
high current capacity in tiny case. 
excellent shock and vibration resistance. 
solder terminals, others on request. 
25,000 ops. min per MIL-S-6743. 
7.5 amps @ 125/250 VAC, 60 cycles 
Ind. & Res. 


SUBMINIATURE, SPDT, 25,” x 4” x 2%,” 

low movement differential and 
operating force permit precision control 
in critical applications. 

solder; single, double and long double 
turret terminals. 

150,000 ops. @ 125/250 VAC, 2.5 amps. 


for general purpose, 
good for high in-rush 
power and 


circuits, repeatability uses... 
precision control 


uses... S series 


SPDT, 1'5/,” 
tough, durable, compact. 

handles high in-rush loads easily. 
repeats to 10,000,000 cycles min. 

- Screw terminals. 

20 amps, 125/250/480 VAC, ULL. rated. 
Y amp, 125 VDC; 4% amp, 250 VDC. 


2-CIRCUIT, SPDT double break, 14%” x 4" x 4” 
combines high capacity, moderate size, 

long life and precision control. 
tested to 10,000,000 operations. 
end and side solder, screw and spade terminals. 
750,000 ops. @ 125 VAC, 10 amps., U.L. rated. 


For more details on 
these basic precision 
switch types write 

for catalog No. 110. 


CONTROLS COMPANY 


1410 Delmar Drive, Folcroft, Pennsylvania 


ACTUATORS—toggle, push- 
button, leaf, roiler leaf, lever, 
roller lever, etc., available. 


Choose the Switch Series that meets your 
basic application needs. Then tell us the 
specific characteristics you want. Chances 
are, we have a standard ready for your use. 
We are fully equipped to make the switch 
you need in any quantity. 


for rugged, 
low-cost, 
easy wiring uses... 


FE SERIES 


MINIATURE, SPDT, 134,” x "34," x %” 

rugged, low-cost design. 

convenient terminals simplify wiring. 

solder, screw and spade terminals. 

150,000 ops. 10 amps @ 125/250 VAC, 
28 VDC Res. 


S2B series 


y YW,” x 5," 


OF AMERICA 


CONTROL SWITCH DIVISION 


Telephone: LUdiow 3-2100 . 


TWX SHRN-H-502 


Manufacturers of a full line of switches, controls and indicators for all military and commercial applications. 
All standard units stocked for immediate delivery by leading electronic parts Distributors. 


All switches shown actual size. Circle 161 on Inquiry Card 
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and 125 C and one at 2.1 times rated 
power and 70 C. The d-c resistance 
was measured periodically and the re- 
sistance changes were calculated. A 
total of 600 resistors rated over a wide 
range from four manufacturers was 
tested. Results indicated that the aver- 
age resistance drift of a group of re- 


Fig. 2—Typical results of tests to deter- 
mine variation of resistance with time 
when operated at rated power and 125 
C and at 2.1 times rated power and 
70 C. »— 


sistors of one value can be expected 
to be less than 5 per cent. The resist- 
ance drift of individual resistors, with 
some isolated exceptions, was less than 
1 per cent. Figure 2 shows a sample 
of the amount of drift of one group 
of resistors. Overall, the tests showed 
that the resistance drift is no worse 
for the higher wattage rating at the 
lower temperature. ooo 


» per cent 


Resistance change 





0 
50 250 500 750 1000 
Elapsed time,hr 





Continuous Recording Temperature Measurement by Resistance 


Cc. D. FLANAGAN 

Spencer Products Group 

Metals & Controls, Inc. 

Div. or Texas InstruMENTs, INc. 
Attleboro, Mass. 


RESISTANCE METHODS provide a repeat- 
able procedure for measurement of 
motor winding temperatures, although 
not necessarily indicating the maximum 
temperature. A simple and inexpensive 
means for making continuous tempera- 
ture measurements based on resistance 
is desirable. The circuit described here 
allows continuous recording of the 
temperature of a de-energized electric 
motor using a standard thermocouple 
recorder. The input to the recorder is a 
function of the winding resistance. To- 
tal accuracy of the system under nor- 


2p isininaiinennmcenlll 


Measured |60 
winding |go 







Switch positions: 117 volts a-c tp 
: 100 ma coil 
Run 
2. Calibrate 


3. Disconnect 
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Modified 
recorder, 
0-300 deg, 

iron - constantan 


Converter 
circuit 






(see Fig. 2) 






117 volts 
60 cycle 





Motor 





i Stort 
capacitor 





protector 


Fig. 1—Block diagram, temperature recording by resistance measurement. 


mal laboratory conditions is +%4 per 
cent of indicated temperature in addi- 
tion to the error of the recording in- 
strument. 


Contactor | 
On HO 


490—_________6 | 
eomdines 














K3 


X64 
Zener diode 
2.6 volts 


ance, 
delivers essentially constant current to 
the motor winding; 


Agoastot relay, 
WS voltsa-c ¢€ 


The system contains a_ high-imped- 
constant voltage source which 


switching means 



















280-volt 
500-ma 
diodes 


7 volts 
60 cycle 


Converter circuit for recorder. 
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13 MOVES 
TO RELIABLE 
TRIMMING 


SPECTROL’S FULL LINE of trimming potentiometers 
features 10 of the smallest square trimmers ever made, 
plus the only transistor-size units for solid state circuitry. 
This selection covers almost every conceivable 
application—a sure way to avoid checkmate when 

you need reliable trimmers. 


SQUARE TRIMMER DATA. Models 50 and 60 
measure ¥@” and 2” square respectively @ humidity 
proofing a standard feature @ available in resistances 
tol100K @ greater surface contact between mandrel and 
aluminum case for better heat dissipation, no external 
heat sinks needed @ dual wiper for positive contact 
under all conditions of shock and vibration. 


SINGLE TURN TRIMMER DATA. Model 80 built 

into TO-9 transistor type case @ measures less than 14” 
in diameter, weighs 1 gram—smallest trimmer on the 
market @ completely sealed against moisture and 
humidity @ resistance element twice as long as ordinary 
trimmers @ designed for complete package encapsulation 
with other printed circuit components @ available in 

3 case styles with resistance range to 20K. 


IMMEDIATE DELIVERY. Your nearby Spectrol 
distributor stocks standard models of trimmers and 
miniature potentiometers as well as other standard Spectrol 
precision potentiometers and turns indicating dials. 

Prices are $6 to $8 in quantities of 1-9 for 

most styles and resistances. 


MORE DATA AVAILABLE. Contact your Spectrol 
engineering representative or drop us a line at the factory. 


ALL TRIMMERS SHOWN ACTUAL SIZE 


ELECTRONICS CORPORATION 


1704 South Del Mar Avenue « San Gabriel, California 
Phone: ATlantic 7-9761 


Adams Court « Plainview, L.!., New York 
Phone: WElls 8-4000 
Circle 162 on Inquiry Card 
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Printed circuit pins, top adjust 
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to connect this current to the windings 
only when the motor is de-energized; 
and a method of adjustment to provide 
the correct ratio between voltage drop 
across the motor and output voltage to 
the recorder so that the latter repre- 
sents true motor temperature. 

Test Circuit. A complete block dia- 
gram is shown in Fig. 1, and a sche- 
matic of the converter circuit is shown 
in Fig. 2. In the latter, the output volt- 
age to the recorder is equal to the dif- 
ference between the voltages at points 
A and B. These voltages may be ex- 
pressed as follows: 


E 
De ie aii ect 1 
“" Rt the th Yt ROW 
Es i E. 


“Rth+R TR (Ri +Rs) (2) 


where E,, = supply voltage, Ry — mo- 
tor resistance, R,;, == lead resistance. 
If R, + R, is much greater than the 
sum of R, and Ry, the denominator 
in Eq (1) may be considered equal to 
R, + Ry. For R, equal to 1000 times 
Ry, this assumption introduces an er- 
ror of less than 0.1 per cent. Similarly, 
the denominator of Eq (2) may be 
considered equal essentially to R, -+- 


R.. 


AE = E, — Ep 
_ E. 
= — (Ru + Rr) — Rows (R, + Rs) 
; (3) 


For a 0 to 300 C iron-constantan re- 
corder, it is necessary that the voltage 
drop across the motor over this tem- 
— range change by 16.33 milli- 
voits. 


; E. 

Ew = Ra. emo (4) 
. E 
Exso0 = fe | Rall oa 3002) | (5) 


where 
Ruse = Ruo(l + aAT) 
16.33 = Euan — Emo 


7 


E. 
= F,_; (Rmc300a) (6) 


and 
- E. 
Emo -” Raw (Rm) 


_ 16.33 


300a 


for a = 0.00427/deg C. Equation (7) 
gives the conditions for the initial cur- 
rent through the motor; ie., a 12.75 


= 12.75 millivolts (7) 
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millivolt drop with the motor at 0 C, 
which corresponds to a recorder reading 
of 235 C. This is accomplished by 
changing the value of R,. Since the 
motor winding is usually at a higher 
temperature (such as room tempera- 
ture) at the beginning of a test, the 
winding temperature in degrees Centi- 
grade should be added to the 235 C 
and the initial current adjusted to this 
resultant value. 

In practice, this cannot be accom- 
plished directly, since the voltage at 
the recorder terminals with the rotary 
switch in the calibrate position is the 
sum of the drops across Ry and R, 
(the sum of lead and contact resist- 
ances). The equation for this condi- 
tion is: 


AE = E, — Ep 
E. E. E. 
= a Ru ii Ri _ | R, (8) 
Therefore, to eliminate the effect of 
lead resistance, we require: 
E. _ EE ; 
i hee ) 
Rr a Rss 
.". Ge) 


Equation (10) will be valid if Rx,, 
and R,,, always have the same ratio, 
R,, is constant, and R, is initially ad- 
justed so that R,/R, has the same ratio 
Be Ms.e/ Re,:- 

Substituting Eqs (10) and (5) into 
Eq (3) and simplifying: 


AEr = Ea — Ep 


E. os E. 
=F [ Ru + oa) - F(R) | 
ile a, E. 
“ta ee ee 
(11) 
where E, recorder voltage. 


Since R,,,/R,,; equals a constant, 
R. may be adjusted with the rotary 
switch in position 1 so that 


ak.Ru ry > 


on = nen etn » 
AER Rens AT (12) 


Substituting from Eq (7): 
AER = 0.0544AT 


As can be seen from Eq (12), any 
variation in the regulated voltage ap- 
plied to the measuring circuit will 
show up as an equal percentage change 
in the output to the recorder. Both 
Zener diodes and cold-cathode regu- 
lator tubes were considered for the 
voltage regulator element. Although 
manufacturers’ information on the var- 
iation of output voltage with tempera- 
ture and the dynamic impedance of the 
tube has not been available, tests have 
indicated total variation including in- 
herent tube stability of less than 1 per 
cent with a +10 per cent voltage 
change and +10 F ambient change. 


The Zener diodes in this voltage range 
are considerably more _ temperature- 
sensitive (approximately 0.1 per cent 
per degree C) and have a dynamic im- 
pedance of approximately 100 ohms. 
Therefore, to maintain +1 per cent 
accuracy in the regulated voltage, it 
would be necessary to limit the Zener- 
diode temperature to +4 F. 

Precision wirewound resistors and 
potentiometers are used in the meas- 
uring circuits to eliminate errors due 
to change of resistance with tempera- 
ture. The remaining source of poten- 
tial error is the relay which switches 
the measuring circuit from the motor 
winding to the dummy load. The total 
resistance of this relay and also the 
associated leads may be eliminated 
from the motor resistance measurement 
by the adjustment previously described. 
However, any variation in the contact 
resistance of this relay from operation 
to operation will show up as a change 
in temperature of the motor windings. 
Consequently, a mercury-wetted relay 
has been selected for the application. 
This type of relay will maintain its ini- 
tial contact resistance over millions of 
cycles within one or two milliohms. 
The “make before break” characteris- 
tic of this relay is also desirable in pre- 
venting a high transient voltage at the 
recorder terminals which occurs when 
the motor is disconnected. Arc suppres- 
sion is necessary when switching any 
appreciable loads so that a change in 
contactor coil rating will necessitate 
a change in the R-C bypass. Other 
sources of error which have been 
considered negligible are: nonlinearity 
in the temperature-resistance relation, 
nonlinearity in the recorder, tempera- 
ture coefficient of the bridge resistors, 
and thermocouple effect from materials 
used in construction. 

A slight modification of the thermo- 
couple recorder is necessary. The cold- 
junction compensator is removed and 
replaced with a fixed resistor so that 
the instrument operates as a poten- 
tiometer. 

A safety circuit is provided by the 
addition of a Zener diode across the 
recorder terminals, which prevents ap- 
plication of the regulated voltage to 
the recorder input when the motor is 
removed. This can be prevented man- 
ually by selecting position 3 on the 
rotary switch before disconnecting. 

The time delay is provided by relay 
K, so as to prevent recording the in- 
ductive transient present when the mo- 
tor is switched off. 

The circuit may be adapted to other 
types or ranges of recorders by con- 
sideration of the foregoing calculations 
and capacities of the circuit compo- 


nents. O00 
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Bodine Motors Give You ADE (After Delivery Economies) 


Here’s an example... 


“We've ured BODINE MOTORS for 25 years... 
they have proved to be very reliable” 


says Dr. Franklin F. Offner 
President 

Offner Electronics, Inc. 
Schiller Park, Illinois 


The microvolt sensitivity of Offner Dynograph 
recorders and electroencepalographs demand 
motors that produce a minimum of stray field 


and vibration, motors that stand up under a vari- 


ety of operating conditions. Offner instruments 
are used in hospitals where quietness is important; 
at sea where adequate saltwater protection must 
be provided, in industrial monitoring where there 
can be no failures in long continuous operation. 
Offner Electronics has specified Bodine Motors 
for the last twenty-five years. 


As Dr. Offner puts it, “Our customers have always ex- 
pected a high degree of reliability from our equipment, 
and we maintain rigorous testing and quality control 
procedures to insure such reliability. Twenty-five years 
experience with Bodine Motors has convinced us of the 
excellence of these motors, and we will continue to use 
them in our product design.”’ 


BODINE 


(oo 
fractional ¢qptt TST 


MOTORS 


the power behind. the leading products 


APRIL 1961 


Offner Type R Dynograph Assembly 


The ADE (After Delivery Economies) of Bodine Motors 
mean more years of trouble-free operation where it counts 
most... in the hands of your customers. Bodine Motors 
deliver the performance a quality product demands... 
provides economies that earn customer satisfaction and 
repeat orders. Ask for Bodine Bulletin S-2 for detailed 
information. 


Fractional Horsepower Motors for: Office computing and account- 
ing equipment+ Engineering, laboratory, and research instruments 
Photographic equipment + Musical instruments « Electrical industrial 
apparatus « Therapeutic and medical equipment « Communication 
equipment- General industrial machinery « Metalworking machinery 
Service industry machinery « Optical instruments « and any equip- 
ment that requires quality fractional horsepower electric motors 


Bodine Electric Co., 2506 West Bradley Place, Chicago 18, Illinois 


Circle 163 on Inquiry Card 
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Thin-Film Memory Planes 


LARGE COMPUTER SYSTEMS continue to 
demand higher speeds in the operation 
of large, random-access memories. A 
storage element which promises to ful- 
fill future requirements for memories 
is the ferromagnetic thin film. Bur- 
roughs Corporation has recently made 
available thin-film memory planes cap- 
able of storing twenty words of eight 
bits each. The films are made by 
vacuum deposition of 80-20 Ni-Fe alloy 
less than 5000 A thick. Strict control 
of the fabrication process is necessary 
to insure uniform and reproducible 
films. The films have switching speeds 
in the nanosecond range. 

The construction and wiring of a bit 
and a plane are shown in the figure. The 


a Word drive 






ae Sense 


films, which are deposited on the sub- 
strate while under the influence of a 
magnetic field, show a preferred (or 
“easy”) direction of magnetization. All 
area magnetic domains lie parallel to 
this field and the film’s magnetic char- 
acteristic in the preferred direction 
shows a square hysteresis loop. Perpen- 
dicular to the easy direction (called 
the “hard” direction) the film shows 
a linear loop. 

Three conductors are associated with 
each bit. The word drive conductor is 
parallel to the preferred direction and 
the information and sense lines are 
parallel to the hard direction. The in- 
formation conductor is split for two 
reasons: to reduce the mutual capacity 


conductor 


between the information and the sense 
conductors and to reduce eddy cur- 
rents in the information conductor in- 
duced by the word drive current. A 
current in the word drive conductor 
generates a field which, if great 
enough, rotates the magnetic moments 
or dipoles to the hard direction. This 
rotation induces a sense signal in the 
sense conductors. While the drive cur- 
rent is still on, holding the dipoles in 
each bit in the hard direction, the de- 
sired information current appears. This 
current polarity, generating a longitudi- 
nal field, determines the future state 
of the interrogated bits. (The longitudi- 
nal field rotates each dipole slightly 
toward the desired new state, and the 
dipole falls to the new state after the 
drive current is terminated.) A separate 
sense amplifier and information-current 
driver for each bit is required. The 
operating speed of such a memory is 
limited by the drive and information 
current rise times, the delay in the sense 
amplifier, and the addressing circuits. 









Magnetization 
direction 


v 








Wiring of a bit (left) and construction of a thin-film memory plane (right). 








Materials Evaluation in Printed-Circuit Board Design 


RICHARD A. O’BRIEN 
Corninc Grass Works 
Bradford, Pennsylvania 


THE BASIC REDESIGN requirement in a 
printed-circuit board assembly was to 
mount 200 capacitors of relatively low 
capacity, extremely low dissipation 
factor, and extremely low leakage cur- 
rent to fall within specific operational 
and economic design parameters. This 
mounting requirement was to provide 
ability to make highly accurate repeti- 
tive measurements, to allow ease of 
handling and storage, and to permit 
easy physical identification of compon- 
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ents. Needed most, of course, was the 
ability to make repetitious rapid and 
accurate measurements. 

e Old Design. The original design 
utilized a glass-fiber-epoxy rectangular 
board, with the capacitors arranged in 
four 50-unit rows. One side of each 
capacitor was brought to a common 
terminal on the board. The other side 
of the capacitor was brought to a 
terminal pad. Both the top and bottom 
of the board carried paths to the 
terminal pads, which were aligned on 
one side of the board. 

e Solution. The biggest problem 
turned out to be measurements, which 


were practically meaningless because 
they were neither accurate nor repeat- 
able. Thus: capacity measurements were 
row, column and neighbor sensitive. 
There was a very high board contribu- 
tion. Up to 30 pf of stray capacitance 
was found at some positions. Dissipa- 
tion-factor measurements were sensi- 
tive in the same manner as capacity, but 
to a greater extent. Insulation resist- 
ance was extremely variable on the 
board. In most cases, the insulation re- 
sistance of the capacitors was masked 
by that of the board. 

Potential solution lay in two direc- 
tions. New circuit patterns could be 
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HIGH PRECISION, HIGH STABILITY 
FILM RESISTORS DESIGNED TO MEET 
m PERFORMANCE REQUIREMENTS OF 
; ee CHARACTERISTIC B 


ALL UNITS SHOWN ACTUAL SIZE 


STOR 


RATED AT Ye THROUGH 2 WATTS 


MOLDED-CASE 


OUTSTANDING COMBINATION OF ACCURACY, RELI- 
ABILITY AND STABILITY WITH LOW TEMPERATURE 
COEFFICIENTS 


Molded Filmistors are being used with 
excellent results where stability cannot 
be achieved with conventional composi- 
tion resistors and for applications where 
low controlled temperature coefficient, 
low noise level, good stability under 
load and negligible voltage coefficient 
are required. They also offer lower self- 
inductance and distributed capacitance 
—approach precision wirewound resist- 
ors in reliability and stability despite 
their small size. 


SUPERIOR RESISTANCE ELEMENT 
The Filmistor element is achieved by 


the pyrolytic decomposition of hydro- 
carbon gas depositing an ultra-thin film 
of pure carbon on a smooth ceramic rod. 
Silver-to-silver low-contact resistance, 
low-noise end terminations are used. 

TOUGH MOLDED SHELL ASSURES ALL-ROUND PROTEC- 
TION AGAINST MECHANICAL DAMAGE AND HUMIDITY 
Rated at % through 2 volts, Sprague 
Type 405E, 406E, 407E, 408E and 
409E resistors are housed in a molded 
shell so tough that humidity: perform- 
ance characteristics are far beyond the 
humidity life and stability of coated- 
type carbon-film resistors. They also 
have improved load life and better insu- 
lation resistance than the older con- 
struction. * * * *«§ * * * 
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considered or, since board material was 
thought to be partly responsible for the 
problem, a change could be made to a 
new board material. 

e Final Design. The final solution in- 
volved both alternatives. Material was 
changed to Fotoceram glass-ceramic 
and a three-terminal guard circuit was 
employed (see illustration). Effective 
spreading out was achieved with little 
increase in physical size by addition 
of a terminal strip to the second side. 

This redesign, coupled with careful 
measuring techniques, resulted in better 
measuring capabilities. There was a 
10:1 improvement in accuracy of ca- 
pacity measurement, with meaningful 
measurements down to 0.05 per cent 
dissipation factor. Insulation-resistance 
measurements could be made more sig- 
nificantly near the level of the capacitor 





Re-design of 200-capacitor test and storage circuit board by Corning Electronic Com- 
ponents. Board assembly is used in component reliability program for Minuteman 


missile system. 


insulation resistance. (The limitation 
here then became as much a limitation 
of the system as of the assembly’s com- 
ponents. ) 

From results of this experience in 


solving the problem, it may be con- 
cluded that early use of good materials, 
along with careful evaluation of design, 
can result in long-term, significant 
economies in operation and design time. 





Geneva Movement Provides Ten-Turn Rotary Switching 


JACK TINER, Project Engineer 
Cuicaco Dynamic INnpustries, Inc. 
Chicago, Illinois 


A TEN-TURN, 100-position rotary switch 
has been designed by using a geneva 
drive. A typical single- pole rotary 
switch contains eleven removable print- 
ed-circuit wafers and a geneva unit. 
Ten printed-circuit wafers, each one 
single-pole with ten positions, provide 
the 100 total positions and are driven 
directly by the shaft. This same shaft 
also drives a geneva unit near the rear 
of the rotary-switch case, while the 
geneva unit drives the eleventh printed- 
circuit wafer at the rear of the case. 
For every complete revolution of the 
switch shaft, the geneva drive advances 
the eleventh wafer by one position. The 
eleventh wafer sequentially selects one 
of the first ten wafers after the other, 


Ten-turn rotary switch RS-G-21 has 100 
single-pole positions or 50 double-pole 
positions. The geneva indexing unit is 
shown beside the aluminum case of the 
switch. The aluminum top cover has been 
removed. »— 


resulting in 100-position, single-pole 
switching in ten revolutions of the in- 
put shaft. 

Printed circuitry is etched on either 
a paper-phenolic or glass-epoxy lami- 
nate and is flushed so that it extends 
no more than 0.0004 in. above the base 
material. Conductor material is cop- 
per, finished to 10 microin. T.I.R., with 
rhodium on a nickel-plate base. This 
results in a contact resistance of 0.030 
ohm terminal-to-terminal. The switch 
will break currents of 62 ma at 115 
volts a-c inductive. 





Up to 400 single-pole positions or 
200 double-pole positions are available 
in other switch models. These use 21 
plug-in printed-circuit switch wafers. 
Special switches with several geneva 
movements and varied printed-circuit 


contact configurations may be designed. 
O00 





Dual-Purpose Digital Computer Is Also Differential Analyzer 


D. C. SPRONG 

Western Division 

Computer Contro: Company, Inc. 
Los Angeles, California 


THE REMOVABLE PATCH PANEL, long 
used in general-purpose analog com- 
puters, has been made a feature of 
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the Computer Control SPEC digital 
computer. 

This small, stored-program, labora- 
tory computer utilizes standardized 
plug-in units for all solid-stage logic 
elements and storage devices. Signal 
and other logic terminations for the 
plug-in units are available on the re- 


movable patch panel for signal moni- 
toring, experimentation and modifica- 
tion. 

Appropriate logic for solving any 
problem within the machine’s capa- 
bility may be wired in on spare patch 
panels and inserted into the computer 
when convenient. In addition, two types 
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All these laminations are made from 
[arpenter high permeability “49”! 


When do you specify 
When do you use BteUS(autade( (me 


In 1958, Carpenter introduced High Permeability ‘49”— 
Transformer Grade as a companion to High Permeability “49” 
—Rotor Grade. Both offer greatly improved permeability. 
The main difference is one of crystalline and magnetic direc- 
tional properties. After annealing, Rotor Grade has random 
crystalline orientation; Transformer Grade, partial crystal- 
line orientation. 


was specifically developed to meet the 


requirements of servos, resolvers, specialty motors and 
other rotary equipment. The material, usually under .020”, 
is punched into rotor or stator laminations similar to those 
shown. When annealed under normal field practices, Rotor 
thick- eS Grade produces random directionality. When annealed at 


NEC STU YAU YALU UMC UU tno : 
a ROE De) temperatures under 1800°F, Rotor Grade will have the lowest 
014” Transformer 8,000 13,500 30,000 37,000 42,500 coercive force (H<), and lowest core loss. 


By 5,500 10,000 27,000 40,000 55,000 
a a ke ee td MCUSOUGMCetiCm was designed to give the higher per- 


Syn OLCOTT MM TC i TSO AUT LCL e MMOD) a ons ‘ . 
PSHE STEN AnD Sa meability required by specialty transformer manufacturers. 
Se UCM UCR LeU LO Laminations made from strip under .020” are usually DU, 
TC a 

EI, F shapes or combinations. 


[arpenter Stee! 


you can do it consistently better with Carpenter specialty steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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of partially prewired patch panels are 
furnished, each with slightly different 
yumper connections to cause the logic 
elements to function for either general- 
purpose computation or as a digital 
differential analyzer containing 20 in- 
tegrators. O00 





Fig. 1—Front view of SPEC model Mark 
lii digital computer with plug-in logic 
circuits visible. The computer is a stored- 
program, single-address machine with 
128 words of fast-access internal memory. 
The machine may be easily converted to 
a digital differential analyzer. 





Fig. 2—Rear of the laboratory-size con- 
vertible computer, which also has appli- 
cation as a training device. One of the 
two types of removable patch panel oc- 
cupies the lower two-thirds of the cabinet. 
Patch cords are used to interconnect the 
logic elements, all inputs and outputs of 
which are available at the patch panel. 
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Control ponel 
connection plugs 










Hinged mounting frame 


AMP patch panel 


AMP plug board 


Modulor chassis 


Plug-in digital circuit 


Fig. 3—Plug-in solid-state digital circuits, modular chassis, frame, plugboard and 
patch panel occupy the lower portion of the SPEC III desk-style computer console. The 
modular chassis contains independent power supplies and clocks for the plug-in logic 
circuits. The removable patch panel is one of two variations available. The type inserted 
determines whether the logic elements are connected to convert the computer into a 


general-purpose machine or a 20-integrater digital differential analyzer. 





High-Impact Acrylic Replaces Aluminum 


In Power Timing Light 


A POWER TIMING light case (see Fig. 
C) was formerly made of an aluminum 
die casting, coated with rubber for 
electrical insulation. Now, injection 
molded of Implex A, a high-impact 
acrylic resin manufactured by Rohm 
& Haas Company, Philadelphia, Pa., 
the case gives greater electrical insula- 
tion with a 50 per cent reduction in 
cost. 

In the process of changing the ma- 
terials of construction, the case was 
redesigned for improved appearance 
and ease of handling. 

In selecting a plastics material for 
the case, the manufacturer of the tim- 
ing light, Snap-On Tools Corp., Ken- 
osha, Wis., had two basic requirements. 
The material should have high impact 
strength and be of good physical ap- 
pearance. In drop tests conducted on 
a sample case of the high-impact ac- 
rylic, containing all internal compon- 
ents, the case withstood repeated drops 
onto a concrete floor from heights of 
6 to 10 ft. 

Further, when disassembling the 





aluminum case formerly used, it had 
been difficult to locate the six screws 
used to hold the two halves of the case 
together since the screw heads were 
under the rubber coating. After re- 
assembly, it was also necessary to re- 
touch the aluminum case with rubber 
around the screws and bolts. With the 
plastics case, these problems are no 
longer factors. Three screws and two 
stainless steel clips now hold the two 
halves of the case together. 
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Design for Competitive Markets is Theme of 
Design Engineering Conference 


Devoted entirely to research and devel- 
opment of new products, the 1961 De- 
sign Engineering Show and Conference, 
to take place at Cobo Hall, Detroit, 
May 22-25, will present the latest devel- 
opments in the materials and compo- 
nents which go into products, as well 
as design techniques which reduce pro- 
duction costs. More than 400 companies 
will participate in the exposition, spon- 
sored by the machine-design division of 
the American Society of Mechanical 
Engineers. 

Discussions will deal with design 
engineering in the automotive field, re- 
search on atomic and space subjects 
which have application in the field of 
consumer products, reduction of pro- 
duction costs through use of automatic 
machinery, and methods of designing 
products to achieve the economies pos- 
sible through automation. Conference 
information may be obtained from 
Clapp & Poliak, Inc., 341 Madison 
Ave., New York 17. 

The program is as follows: 


Monday, May 22, 1961 
Automotive Session: four papers on 


designing for today’s competitive mar- 
ket. 


Tuesday, May 23, 1961 


Session I: “Designing for Produc 
tion,” C. E. Warner and R. L. Berg, 
General Electric Co.; “Materials Stand- 
ardization to Reduce Costs,” G. L. 
Swartwood, Bryant Electric Co. 


Session II: “Special Requirements of 
Hydraulic Systems for Servo Control 
of Machinery,” R. K. Sedgwick, Kear- 
ney & Trecker Corp.; “Drives for Tape- 
Controlled Machine Tools,” G. W. 
Younkin, Giddings & Lewis Machine 
Tool Co. 


Session Ill: “Glass, Ceramics and 
Glass-Ceramics,” M. G. Britton, Corn- 
ing Glass Works; “Designing Parts to 
be Made of Glass, Ceramics or Glass- 
Ceramics,” J. R. Blizard, Corning Glass 
Works. 

Session IV: “High-Strength Steels, 
their Characteristics and Workability,” 
R. A. Lula, Allegheny Ludlum Steel 
Co., “Design of Structural Members 
Made by Forming High-Strength Steel 
Sheet,” R. H. Marvin, The Budd Co. 


Wednesday, May 24, 1961 


Session V: “Motors at High Tem- 
peratures for Industrial Usage,” F. C. 
Rushing, Westinghouse Electric Corp.; 
“Application of Non-Excited Syn- 
chronous Motors,” J. P. Landis, E. I. 
duPont de Nemours & Co. 

Session VI: “Design and Drafting for 
Parts Manufacturing on Numerically 
Controlled Production Equipment,” A. 
Taleff, Westinghouse Electric Co.; 
“Cost vs Value of Small Tolerances 
and Smooth Finish,” W. W. Gilbert, 
General Electric Co. 

Session VII: “Adhesives, Types and 
Characteristics,” W. C. O’Leary, Minne- 
sota Mining and Manufacturing Co.; 
“Design with Adhesives,” A. F. Char- 
ter, A. O. Smith Co. 

Session VIII: “New Developments in 
Types of Fasteners,” J. Stoutenburg, 
Robin Products Co.; “Designing with 
Powder Metallurgy to Improve Quality 
and Reduce Cost,” P. J. Failla, John- 


son Bronze Co. 


Thursday, May 25, 1961 


Session 1X: “Filament-Wound Pres- 
sure Vessels,” R. Gorcey, Rocketdyne 
Division of North American Aviation, 
Inc.; “Design of Plastic Parts for 
Strength and Durability,” R. L. Thor- 
kildsen and J. V. Schmitz, General 
Electric Co. 

Session X: “Visco-Elastic Damping,” 
D. K. Hatch, Monsanto Chemical Co.; 
“Method of Analysis for Gears,” M. 
Baxter, Gleason Works. 

Session XI: “Moly-Disulfide Lubri- 
cants,” K. B. Wood, Climax Molybde- 
num Corp.; “Moly-Disulfide as a 
Grease Additive,” H. G. Rudolph, Jr., 
Socony Mobil Oil Co. 





Armour Research Schedules 
Organic Semiconductor 
Conference 


Major evaluations of the organic semi- 
conductor field will be outlined at a 
two-day conference in Chicago, April 
18-19. The meeting will be co-sponsored 
by Armour Research Foundation and 
Electronics, a McGraw-Hill publication. 

At this first open conference on or- 
ganic semiconductors to be held in the 
world, 19 research papers will be pre- 
sented, including discussions of molec- 
ular crystals, charge-transfer com- 
plexes, photoconductivity, electrical and 
thermal transport, and organic semi- 
conductor devices. 

Inquiries should be addressed to Dr. 
James J. Brophy, Armour Research 
Foundation, 10 W. 35 St., Chicago 16. 


Call for Reliability and 
Quality Control Papers 


May 15, 1961, is the deadline for sub- 
mission of title of paper and an abstract 
of not more than 800 words for the 
Eighth National Symposium on Reli- 
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ability and Quality Control, to be held 
in Washington, D. C., January 9-11, 
1962. Ten copies: of the abstract and 
brief biographical sketch should be sent 
to E. F. Jahr, IBM Corp., Department 
351, Owego, N. Y. 


Moore School of Electrical 
Engineering Announces 
Summer Session 


The Moore School of Electrical Engi- 
neering of the University of Pennsy]- 
vania has announced a special summer 
session on recent developments in the 
field of electrical engineering. Four 
two-week programs wil! be given dur- 
ing the period June 4-July 15. 

Titles of the programs are as fol- 
lows: Modern Radar Techniques; New 
Devices for Amplification and Switch- 
ing; Communication Theory and Infor- 
mation Handling; and Logic, Switch- 
ing Systems, and Automata. 

Enrollment fee is $250 per program. 
Further details may be obtained from 
Professor Morris Rubinoff, Coordinator, 
1961 Special Summer Session, The 


Moore School of Electrical Engineering, 
University of Pennsylvania, Philadel- 
phia 4, Pa. 


Call for Electronics 
Research Papers 


Technical papers describing significant 
original advances in research and de- 
velopment are invited for presentation 
at the 1961 Northeast Electronics Re- 
search and _ Engineering Meeting 
(NEREM), to be held November 14-16, 
1961, in Boston. 

A list of possible subject areas for 
the meeting is: computers, microwaves, 
solid-state devices, communication and 
control, and microelectronics and elec- 
tron devices. 

Speakers are requested to furnish 
either complete papers or 400-500 word 
abstracts, in triplicate, plus 50-word 
summaries for advance program mail- 
ings. All material should be mailed by 
June 15, 1961, to F. K. Willenbrock, 
Pierce Hall, Harvard University, Cam- 
bridge 38, Mass. 
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SARKES TARZIAN 


SERIES F 
SILICON RECTIFIERS 


%5 


3 1.9 is 2.0 


VOurs B.c; 


THERE'S EVEN MORE TO THIS... 


Where highest quality 
is in volume production 
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This small “‘F”’ unit contains the oversize junction that is characteristic 

of all Tarzian silicon rectifiers. The result is big performance; 

specifically, lower temperature rise, longer life, increased reliability, and 

the capacity to handle inrush currents well above normal circuit requirements. 


Furthermore, present production of Series F units is at the rate of 
tens of thousands per day. Production of these units to date is in the 
millions. Performance testing and life testing go on continuously, of course. 
The experience of users is not only favorable, but extremely large. 
And prices are realistic, to say the least. 


In short, we don’t know of anybody who makes more of these, or 
who makes them better, or who makes them at less cost. Do they meet 
your requirements? Write for the facts you need for decision. Application 
engineering service is also available without cost or obligation. 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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HYGRADE SR-398 SILICONE RUBBER-COATED FIBERGLASS SLEEVING 


A superior silicone rubber compound over fiberglass produces a tough, nearly glass-smooth 
surface for higher abrasion and cut-through resistance. Tested to MIL-T-5438 specs. Tensile 
strength 1000-1200 psi, yet expands to slip over terminals, connections. High dielectric strength 
(8000v) maintained even after continuous use at rated 210°C temperature. 


HYGRADE SR-404 FIBERGLASS REINFORCED SILICONE RUBBER SLEEVING 


Highest cut-through resistance obtained by use of high strength rubber compound with em- 
bedded fiberglass braid reinforcement. Exhibits almost no longitudinal stretch, yet expands 
in diameter and returns to normal size; especially useful where sieeving must slip over odd 
shapes in installation. Excellent corona, oil resistance. Available only in larger sizes. 


FLEXITE SR-200 SILICONE RUBBER EXTRUDED TUBING 


The answer where superior flexibility is required. Rated for continuous use at 200°C, yet 
equally suitable for low temperature applications. Outstanding elasticity, durability, compati- 
bility, and electricals. Excellent corona resistance makes FLEXITE SR-200 the first choice for 
high-voltage, high-temperature uses. Performs to MIL-R-5847C specifications. ° 


FLEXLEAD SILICONE RUBBER INSULATED WIRE AND CABLE 


Extruded silicone rubber insulation over a variety of conductors from solid to extra flexible. 
Combines outstanding electricals with high resistance to corona, oils, abrasion and weathering. 
Meets MIL-W-16878C (600v and 1000v ratings). Special cables with jackets of braided fiber- 
glass or metal shielding are engineered and manufactured to your specification. 


Write, phone, or wire for test samples and additional data. 






L FRANK LYE U da & SONS 
: 


SOURCE for EXCELLENCE in 


Insulating Tubings, Sleevings, and Lead Wire 
NORRISTOWN, PENNSYLVANIA 
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Electrical Porcelain 
Booklet Published 


The Dry Process Electrical Porcelain 
Section of the National Electrical 
Manufacturers Association has _pro- 
duced a 16-page booklet entitled “Elec- 
trical Porcelain.” Designed for pros- 
pective users of dry-process electrical 
porcelain, the booklet sets forth the 
inherent advantages and practical bene- 
fits of the product in electrical applica- 
tions. 

Copies of the booklet may be ob- 
tained from the four following com- 
panies: Akron Porcelain Co., P.O. Box 
3767, Kenmore Station, Akron 14, 
Ohio; New Jersey Porcelain Co., P. O. 
Box 908, Trenton 5, N. J.; Star Porce- 
lain Co., Box 1329, Trenton 7, N. J.; 
or Universal Clay Products Co., P.O. 
Box 1631, Sandusky, Ohio. 


AIEE Subcommittee Formed 


The Packaging Industry Subcommittee 
of the General Industry Applications 
Committee, American Institute of Elec- 
trical Engineers, will study the grow- 
ing problem of specification and main- 
tenance of the electrical equipments 
used in connection with semi-automatic 
and fully automatic packaging ma- 
chinery. 


Standards Applications 
Discussed by Society 


“Standardization Applied” was the 
theme of the ninth annual meeting of 
the Standards Engineers Society he'd 
in Pittsburgh, September 26-28, 1960. 
Authorities from industry and govern- 
ment described the physical aspect of 
applying standards in papers covering: 
the preparation and format of stand- 
ards manuals, numbering systems, cod- 
ing systems, and decimal dimensioning ; 
analyses of the psychological factors 
which work for and against the in- 
auguration and use of standards; how 
to analyze, classify, and prepare before 
starting a standards program; the kind 
of standards necessary for computers; 
and an analysis of better engineering 
writing. 

The Proceedings of the meeting can 
be obtained from Miss M. M. Hoagland, 
Leeds & Northrup Co., 4901 Stenton 
Ave., Philadelphia 44, at $5.00 for non- 
members and $4.00 for members. 


Relay Manufacturers 
Name Officers 


The National Association of Relay 
Manufacturers announces the election 
of Vern Hedlund as president of NARM 
for 1961. Mr. Hedlund is general man- 
ager of the R-B-M Controls Division of 
Essex Wire Corp. Other elected officers 
are: vice president, R. P. McAlister, 
Leach Corp.; secretary, H. D. Stein- 
back, Magnecraft Electric Corp.; and 
treasurer, E. Bachorik, Allied Control 
Corp. 


ELECTRO-TECHNOLOGY 





Free engineers for creative assignments 
with the new low-cost IBM 1620 


The IBM 1620 Data Processing Sys- 

tem is a low-cost solution to the prob- 
lem of freeing engineers for their most 
creative and profitable assignments. 
Here’s why: 
EASY TO USE—Just a two-day training 
class is all you need to put your 1620 
into operation. This means no delays in 
learning to use the 1620 computer. 


In addition, you get a wide range of 
free programming services including 
FORTRAN and GOTRAN. FORTRAN is the 
powerful scientific language that lets 
you solve problems without writing 
detailed computer instructions. GOTRAN 
is a simplified language (a sub-set of 
FORTRAN) that lets you enter simpli- 
fied problem statements and data into 


the computer with the solution immedi- 
ately available, in one simple operation. 
FASt—The 1620 solves a set of ten simul- 
taneous equations in only 20 seconds. 
It inverts a 10 x 10 matrix in just 42 
seconds. 
POWERFUL—The 1620 inverts a 40 x 40 
matrix. With optional additional core 
storage the 1620 can handle matrix in- 
version problems of a much higher 
magnitude. 
GET FULL DETAILS—The 1620 is the most 
outstanding engineering and scientific 
computer in its price range. A basic in- 
stallation rents for just $1,600 a month. 
To learn how the 1620 can free you 
for more creative engineering work, 
call your local IBM representative. 
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IBM's 1620isacomp 
desk-size computer. 


DATA PROCESSING 


act 


® 








172 





April 4-6—Symposium on Electro- 
magnetics and Fluid Dynamics of 
Gaseous Plasma (sponsored by Poly- 
technic Institute of Brooklyn, IRE, 
Institute of Aeronautical Sciences, 
and Defense Dept. research 
agencies), Engineering Societies 
Building, New York City. 


April 5-7—Symposium on Materials 
and Electron Device Processing 
(sponsored by ASTM), Benjamin 
Franklin Hotel, Philadelphia. 


April 5-7 — Institute of Environ- 
mental Sciences, Annual Meeting, 
Sheraton Park Hotel, Washington, 
Ds 


April 10-12 — Inter-Society Color 
Council, Annual Meeting, Sheraton 
Hotel, Rochester, N. Y. 


April 11-13—American Society of 
Lubrication Engineers, Annual 
Meeting, Bellevue-Stratford Hotel, 
Philadelphia. 


April 12-13—Electronic Data Proc- 
essing Technical Conference (spon- 
sored by American Rocket Society 
and IRE), Hotel Alms, Cincinnati. 


April 12-13—Third Symposium on 
Information and Decision Processes 
(sponsored by IRE Professional 
Group on Information Theory and 
Purdue University), Purdue Uni- 
versity, Lafayette, Ind. 


April 17-19—National Symposium 
on Instrumental Methods of Analysis 
(sponsored by ISA), Shamrock- 
Hilton Hotel, Houston, Texas. 


April 18-19 — Inter-industry Con- 
ference on Organic Semiconductors 
(co-sponsored by Armour Research 
Foundation and Electronics, a Mc- 
Graw-Hill publication), Morrison 
Hotel, Chicago. 


April 19-21 — SW IRE Regional 
Conference & Electronics Show, 
Dallas, Texas. 


April 23-26—ASME Metals Engi- 
neering Conference, Penn Sheraton 
Hotel, Pittsburgh. 


April 25-27—National Conference 
on Electromagnetic Relays (spon- 
sored by National Assoc. of Relay 
Manufacturers), Student Union 
Bldg., Oklahoma State University, 
Stillwater. 


April 26-27—Technical Conference 
on High Temperature Materials 
(sponsored by American Institute 


of Mining, Metallurgical and Petro 
leum Engineers), Hotel Pick-Carter, 
Cleveland. 


April 26-28—Seventh IRE Regional 
Technical Conference and Trade 
Show, Westward Ho Hotel, Phoenix. 


April 30-May 4—Seventh National 
Aero-Space Instrumentation Sym- 
posium (sponsored by ISA), Adol- 
phus Hotel, Dallas, Texas. 


May 2-4 — Electronic Component 
Conference (sponsored by AIEE, 
EIA, IRE and WEMA), Jack Tar 


Hotel, San Francisco. 


May 4-5 — Second National Sym 
posium on Human Factors in Elec- 
tronics (sponsored by Professional 
Group on Human Factors in Elec- 
tronics of IRE), Marriott-Twin 
Bridges Motor Hotel, Arlington, Va. 


May 7-8 — Fifth Midwest Sym- 
posium on Circuit Theory (spon- 
sored by IRE), Allerton Park and 
Urbana campus, University of IIli- 
nois. 


May 7-11 — Hydraulic Conference 
(sponsored by ASME-EIC), Queen 
Elizabeth Hotel, Montreal, Canada. 


May 7-12 — Eighty-ninth Semi- 
annual Convention of the Society of 
Motion Picture and Television En- 
gineers, King Edward Sheraton Ho- 
tel, Toronto, Canada. 


May 8-9—ASME Lubrication Sym- 
posium, Deauville Hotel, Miami 
Beach, Fila. 


May 8-10 — Fourth National ISA 
Power Instrumentation Symposium, 
LaSalle Hotel, Chicago. 


May 8-10—Thirteenth Annual Na- 
tional Aerospace Electronics Con- 
ference (sponsored by IRE), Bilt- 
more and Miami Hotels, Dayton, 


Ohio. 
May 9-11 — Western Joint Com- 


puter Conference (sponsored by 
IRE, AIEE and ACM), Ambassa- 
dor Hotel, Los Angeles. 


May 9-11—Annual Power Sources 
Conference (sponsored by U. S. 
Army Signal R & D Laboratory), 
Shelburne Hotel, Atlantic City, N. J. 


May 15-17 — 1961 National Sym- 
posium: Microwave Theory and 
Techniques (sponsored by IRE), 
Sheraton Park Hotel, Washington, 
Dt 





May 18-19 — Electro-Optical De- 
vices Symposium (sponsored by 
AIEE and IRE), California Insti- 
tute of Technology campus, Pasa- 
dena, Calif. 

May 22-24 — Fifth National Sym- 
posium on Global Communications 
(sponsored by AIEE and IRE), 
Hotel Sherman, Chicago. 


May 22-24—Tenth National Tele- 
metering Conference (sponsored by 
ISA, AIEE, ARS, IAS and IRE), 
Hotel Morrison, Chicago. 


May 22-25—ASME Design En- 


gineering Conference and Show, 


Cobo Hall, Detroit, Mich. 





May 22-25 — Symposium on Com- 
puter System Large Capacity Mem- 
ory Techniques (sponsored by In- 
formation Systems Branch, Office of 
Naval Research), Department of 
Interior Auditorium, Washington, 


DG. 


May 23 — Fractional Horsepower 
Motors Conference (sponsored by 
AIEE), Biltmore Hotel, Dayton, 
Ohio. 


June 5-9—Ninth National Plastics 
Exposition and Society of the Plas- 
tics Industry National Plastics Con 
ference, Coliseum and Commodore 
Hotel, New York City. 


June 6-8—ISA Summer Instrument- 
Automation Conference and Exhibit, 
Royal York Hotel and Queen Eliza- 
beth Hall, Toronto, Canada. 


June 11-15 — ASME Summer An- 
nual Meeting, Statler Hilton Hotel, 
Los Angeles. 


June 12-13—Third National Sym- 
posium on Radio Frequency Inter- 
ference (sponsored by IRE), Shera- 
ton-Park Hotel, Washington, D. C. 


June 14-15 — Fifth National Con- 
ference on Product Engineering and 
Production (sponsored by IRE), 
Sheraton Hotel, Philadelphia. 


June 18-23 — Summer General 
Meeting, AIEE, Statler Hotel, Ith- 
aca, N. Y. 


July 16-22 — Fourth International 
Conference on Medical Electronics 
and Fourteenth Conference on Elec- 
tronic Techniques in Medicine and 
Biology (sponsored by IFME, 
JECMB, IRE), Waldorf Astoria 
Hotel, New York City. 
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YON DESIGN ENGINEER HATH A WOEBEGONE LOOK 
— PRITHEE, WHY ? 


Ah, therein lies a most tragic tale. 
Yon design engineer hath created — 
out of his own imaginative genius, 
mind you — that miracle of miracles, 
that summum bonum — 


You mean —? 
Precisely. I mean a better chrono- 


digitator. 


Come, come! If this engineer hath 


indeed created a better chronodigitator, 
why doth he not sing for sheer joy, why 
not click together his heels just for the 
uh—heck of it? Why is he woebegone? 
°Tis a sad story. 
Out with it, man! 


Methinks his chronodigitator is too 
good to be true. He hath envisioned a 
super-chronodigitator which requires, 
alas, a multiple-program, adjustable 
cycling timer. 


This super timer must be able to 
change program sequence and timing, 
in minutes with standard parts, even 
after installation. It must synchronize 
the operation of as many as twenty 
independent load circuits, with OFF-ON 
switch points field adjustable to factory 
standards! Yet, woe is he, its cost must 
not be out of this world. Now where, 
sire—? 


Where can he find such a timer? Ah- 
ha, and possibly ho-ho! At a manufac- 
tory yclept Cramer Controls Corpora- 
tion in Connecticut. 


They will provide him with their Type 


540 timer in any of hundreds of different 
speeds to give timed actuations from the 
first second to the twelfth-night and 
beyond. Plus a neat little wench — er 
wrench — to change cam settings and a 
big vernier knob to assure precise oper- 
ations — within one-half of one per cent 
of full cycle time — right in the field. 
Ha! Even the actuator is adjustable! 


What? I didst know this Cramer 
Controls Corporation as a most excel- 
lent company, unequalled for syn- 
chronous timing motors, miniature 
direct current motors and elapsed time 
indicators, but — 


But me no buts! Instead, fly to yon 
design engineer, tell him to be woebe- 
gone no more. At Cramer he will find 
control magicians! A research and de- 
velopment group after his own heart — 
creative, imaginative, ingenious! 

Forsooth! 

Tell him if he but write, a man from 
Cramer will be at his desk or drawing 
board forthwith! A man of great savvy 
(prithee pardon the expression) in pre- 
cisely such problems as his. 

I fly! 

Wait! Tell him also to write for the 
data-filled bulletin PB-540. Posthaste! 


Zounds! You have helpt give birth 
to a new and better chronodigitator. 


What else? 


CRAMER CONTROLS CORPORATION 


ELECTROMECHANICAL DIVISION 


APRIL 1961 


CENTERBROOK, CONNECTICUT 
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1 Cramer precision drive motor 
... high torque, truly synchronous oper- 
ation, instant stop-start. 


2 Precision-hobbed gear linkage ; 
... inexpensive gear rack permits vari- 
ous speeds from same motor. 


3 SPDT load switches 

... from 3 to 20, rated 10 amps, in 
molded plastic shells each attached by 
one screw. 


4 Precision-cut cams 5 
... Split design, easily adjustable from 
2% to 98% of full rotation. 


5 Vernier dial 
..,achieves field-setting accuracy of 
0.5% of full cycle time. 


6 Extruded aluminum base ; 
...acts as conduit to protect all switch 
wiring. 











Relays 


by 
Stromberg- 
Carlson 





Telephone-type 
quality ¢ reliability 
durability 


If you require reliable, durable, top quality 
relays in the equipment you manufacture, 
you're well advised to consider the relays 
made by Stromberg-Carlson. 

Hundreds of companies have found here 
the advantages based on our over sixty 
years of specialization in providing equip- 
ment and parts to the independent tele- 
phone world. 

What's more, we go beyond just the man- 
ufacture of relays. If you desire, we can also 
provide wired mounting assemblies. 

Our relays are available in a wide range 
of types, of which these are representative: 


TYPE A: general-purpose. Up to 20 Form 
“A” spring combinations. 


TYPE B: gang-type. Up to 60 Form “A” 
spring combinations. 


TYPE BB: upto 100 Form “A” springs. 


TYPE C: (illustrated) two on one frame. 
ideal where space is tight. 


TYPE E: characteristics of Type A, plus 
universal mounting. Interchangeable with 
other makes. 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. 

Details on request from these Stromberg- 
Carison offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand Ave- 
nue; Rochester—1040 University Avenue; 
San Francisco—1805 Rollins Road. 


STROMBERG -CARLSON 


a PROOUCT oF 


GENERAL DYNAMICS | BLECTRONICS 
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‘BOOK Reviews 





Edited by Arnotp E. Rupant, 
Associate Editor 


Design Fundamentals of Analog 
Computer Components, R. M. 
Howe, D. Van Nostrand Co., Inc., 
New York (1961), 268 pages, $7.50. 

Amplifiers, multipliers, function gen- 

erators and recorders are the primary 

computer elements evaluated. There is 
| discussion of overall analog computer 
| design, with emphasis on error sources. 





| High-Frequency Applications of 
Ferrites, J. Roberts, D. Van Nos- 
trand Co., Inc., New York (1961), 166 
pages, $4.85. 

| Intended primarily for engineers en- 
gaged in the design or use of high- 
frequency equipment, this book dis- 
cusses properties of ferrite materials 
and magnetic cores made of them, in 
comparison with metallic cores. The 
applications of ferrite-core components 
and devices in communication and com- 
puter systems are also covered. 


The Antenna, L. Thourel (translated 
from the French by H. de L. Bant- 
ing), John Wiley & Sons Inc. (1960), 
407 pages, $12.50. 

Antenna theory and _ electromagnetic 

wave optics lead to detailed considera- 

tion of specific antenna forms, aper- 
tures, horns and electromagnetic lenses. 

A review of modern antenna techniques, 

this book may be used in planning an 

| antenna system for specific require- 
| ments. 





| Handbook of Chemistry and 
Physics, 42nd Edition. The Chemi- 
cal Rubber Co., Publications Divi- 
sion, Cleveland, Ohio (1960), ap- 
prox. 5 x 7% in., 3482 pages (india 
paper), $12.00. 
A familiar reference book in mathe- 
matics as well as chemistry and physics 
| since 1914, each successive edition of 
| the “Handbook of Chemistry and 
Physics” has seen the addition of both 
new and revised data, and the present 
edition is no exception. Some 22 new 
tables of data have been added; among 
them (not surprisingly!) one on “In- 
terplanetary Orbits.” The revised and 
up-dated tables deal with Atomic 
Weights, Electronic Configuration of 
the Elements, Nuclear Spins, and Prop- 
erties of Refractory Materials, among 
other subjects. 
For those not familiar with this stand- 
| ard reference, it might be noted that 
| the contents are divided into the fol- 
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200° C 

SILICON POWER 
TRANSISTORS 


"STOP" 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 
w Fast delivery from local stock 
Prompt delivery of the latest RCA 
types for your evaluation 
wv Orders filled from factory-fresh 
stock 
Up-to-date, practical product infor- 
mation 
Valuable RCA technical assistance 
when you need it 
“One-stop” service on your orders 
Specialists who understand your 
problems and your electronic needs. 
Remember, when you want fast delivery, 
reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 
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INTERMEDIATE POWER 


2NI483 
2NI484 


2NI485 
2NI486 


MAXIMUM TRANSISTOR 
DISSIPATION—WATTS 


CASE TEMPERATURE—°C 


Upgrade Industrial Circuit Designs With These 
RCA 200°C Silicon Power Transistors | 


2NI487 
2NI488 
2NI489 
2NI490 


MAXIMUM TRANSISTOR 
DISSIPATION——WATTS 
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2NI5II 

2NI512 
2NI513 
2NI514 


MAXIMUM TRANSISTOR 
DIS SIPATION—— WATTS 


TEMPERATURE —°C 


HIGH POWER 





New high-temperature ratings on 16 popular RCA silicon transistors for improved 
performance in military and industrial applications at no increase in price 


MAXIMUM RATINGS, Absolute-Maximum Values: 


| 2N1487 | 2N1488 
2N1489 | 2N1490 
2N1479 | 2N1480 | 2N1483 | 2N1484 | 2N1511 | 2N1512 
2N1481 | 2N1482 | 2N1485 | 2N1486 | 2N1513 | 2N1514 


COLLECTOR-TO-BASE VOLTS 


COLLECTOR-TO-EMITTER VOLTS 
With base open (sustaining voltage) 


With emitter-to-base reverse biased 
(Vee=1.5 volts) . 


EMITTER-TO-BASE VOLTS 

COLLECTOR CURRENT (Amps.). 

EMITTER CURRENT (Amps.) 2 —3.5a| —3.5a 
BASE CURRENT (Amps.) see eosenseen 1.5 15a 


TRANSISTOR DISSIPATION: (Watts) | 
At case temperature of 25°C oocees Sw 25w 25w 


At case temperature of 100°C. echeovecnssneresas 2.86w 14.1w 14.1w 


CASE TEMPERATURE RANGE: (°C) 
Operating and Storage... ‘ . —_————65to + 200°C 


*Similar to TO-3 


RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES: EAST: Nework, N. J., 744 Brood 
Street, HUmboldt 5-3900 * Syrocuse 3, New York, 731 James Street, Room 402, GRanite 4.5591 * 
NORTHEAST: Needhom Heights 94, Moss., 64 “A” Street, Hillcrest 4-7200 * EAST CENTRAL: Detroit 2, 
Mich., 714 New Center Bidg., TRinity 5-5600 * CENTRAL: Chicago, Iil., Swite 1154, Merchandise Mart 
Plozo, WHitehall 4-2900 * Minneapolis, Minn., 5805 Excelsior Bivd. * WEST. Los Angeles 54, Colif., 
P. ©. Box 54074, RAymond 3-836! * Burlingome, Colif., 1838 Ei Camino Real, OXford 7-1620 *SOUTH 

Orlando, Florida, 1520 Edgewater Drive, Suite |, GArden 4.4768 * SOUTHWEST. Doallos 7, Texos, 7905 
Empire Freeway, Fleetwood 7-8167 * GOVERNMENT: Doyton, Ohio, 224 N. Wilkinson St., BAidwin 
6-2366 * Washington, D.C., 1725 “K’ Street, N.W., FEdero!l 7-8500 


Here are 16 RCA N-P-N diffused-junction silicon power transistors immediately 
available in quantity, to meet the more exacting performance requirements of today’s 
industrial and military equipment. 


Check out the remarkable improvements these RCA high-performance industrial 
transistors now offer: 

© 14 percent increase in maximum operating temperatures — up to 200°C, 

© Up to 66% percent increase in dissipation capability — up to 75 watts. 

© Up to 30 percent decrease in thermal resistance — to 2.33°C/watt. 

© Up to 50 percent increase in minimum beta. 

© Up to 30 percent reduction in beta spread. 

All of these features provide greater flexibility in the design of power switching 
devices such as dc-to-de converters, inverters, choppers, solenoid and relay controls; 


oscillators, regulators, and pulse amplifiers; and class A and class B amplifiers for 
servo and other audio frequency applications. 


Call your RCA Semiconductor Field Representative today for full particulars on 
these silicon power types. For your copy of the new RCA 25-page Application 
Guide on RCA Silicon Power Transistors, send 50 cents to RCA Semiconductor 
and Materials Div., Commercial Engineering, Sec. D-54-NN, Somerville, N. J. 


AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 








ROYAL 
~ POWRIZED™ 
CORDS 


make your product 
assemble easier... 


“Powrized” conductor ends are furnished 
tinned, stripped, or with terminals—to your 
specs—for speedy, cost-cutting assembly. 
Strain reliefs for stock or special designs are 
molded directly to the cord. Dimensions are 
precisely controlled to fit your assembly hous- 
ing, and meet industry pull-test requirements. 


look better... 


“Powrized” cord sets are a perfect complement 
to your product styling. There’s a rainbow of 
matching cord colors...and an unlimited 
variety of handsomely-designed caps and con- 
nectors—stock or custom—to blend beauti- 
fully with the design of your product. 











sell faster... 


For extra brand name merchandising, Royal 
will mold your company trade mark into caps 
and connectors. Moreover, “Powrized” cord 
sets can be coiled, wrapped, or packaged to 
form a compact, attractive part of your 
product. 


perform longer... 


Royal has the right combination of power 
supply cord materials —rubber, neoprene, 
plastic or braided jackets with molded-on 
caps, connectors, strain relief or special attach- 
ments. Also, a wide selection of cord lengths, 
ratings, sizes . . . 2- and 3-wire caps to meet 
your exact specifications for safe, dependable, 
long-lasting performance. 


WRITE FOR COMPLETE FACTS —OR ASK 


TO HAVE OUR REPRESENTATIVE CALL. 
| 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 











+ an associate of 


In California: 


Electric Cords & Supply Corp. 
413 E. 3rd St., Los Angeles 13 


In Canada: 


Royal Electric Company (Quebec) Ltd. 
Pointe-Claire, Quebec 
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lowing main sections: Mathematical 
Tables; Properties and Physical Con- 
stants; General Chemical Tables; Spe- 
cific Gravity and Properties of Matter; 
Heat; Hygrometric and Barometric 
Tables; Sound; Electricity and Mag- 
netism; Light; Quantities and Units. 
—A .E.J. 


Engineering 
Standards 





ASA Standards 


B3.7-1960, American Standard Termi- 
nology and Definitions for Ball and 
Roller Bearings and Parts, $2.00. 

Names of bearing parts, dimensions, 
tolerances and measurements, plus 71 
sketches showing annular ball bearings, 
clutch release bearings, cylindrical 
roller bearings, needle roller bearings, 
self-aligning roller bearings, tapered 
roller bearings, tapered-roller thrust 
bearings, thrust ball bearings, roller 
thrust bearings and miscellaneous bear- 
ings are included. 

Copies are available from the Ameri- 
can Standards Association, Dept. PR 
199, 10 E. 40 St., New York 16. 


UL Standards 


UL-73, Motor-Operated Appliances. 
Requirements cover motor-operated 
appliances to be employed in accord- 
ance with the National Electrical Code, 
and small-utilization appliances in 
which motion of an operating part is 
produced by electrical means. 


UL-115, Asbestos- and Asbestos-Var- 
nished-Cloth-Insulated Wires. 
Requirements cover single-conductor, 
asbestos- and asbestos-varnished-cloth- 
insulated wires for use in accordance 
with the National Electrical Code. 


Copies may be obtained from Under- 
writers’ Laboratories, Inc., 207 E. Ohio 
St., Chicago 11. 


AGMA Standards 


470.01, Gearheads, Precision Control 
Motor (Servomotor), $1.50. 

Covers general design, function and 
application features of gearheads as 
applied to small precision control 
motors. Intended for gearhead sizes up 
to and including Size 18. Limited to 
standardization of outline and installa- 
tion dimensions, format of minimum 
performance data, and measurement 
and test specifications. 

Copies are available from American 
Gear Manufacturers Association, One 
Thomas Circle, N. W., Washington 5, 
D.C. 
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CORNING 


TIN OXIDE 
RESISTORS 


SHOW REMARKABLE PERFORMANCE 
IN 30,000-HOUR LOAD LIFE TEST 


In a recently concluded test conducted by Remington Rand Univac, 1500 half-watt, 1% 
Corning resistors were loaded continuously for periods of up to 3.8 years. This represented 
45 million resistor hours. The groups of 1200 units loaded at .7 watt or less showed... 


DRIFT CAPABILITY OF 1%—NO CATASTROPHIC FAILURES 


LOW RESISTANCE CHANGE « Taking 3% resistance 
change as the failure point, resistors tested at .7 watt 
and below showed less than .000083 failure per 1000 
operating hours. 

The resistors operated at the overstressed conditions 
of 1.0 and 1.5 watts demonstrated that the median life 
of a resistor run at rated power is about 45 years. This 
is generally less than the mean time to failure. 

The resistors tested were Corning Type N-20, rated 
at half-watt at 40°C. ambient and conforming to MIL- 
R-10509B Characteristic X. 


TEST PROCEDURES « Nine groups of 150 resistors 
each were tested under loads of .1, .2, .3, .4, .5, .6, .7, 
1 and 1.5 watts. The value of each component was 10K. 
Another group of 115K resistors was tested at .6 watt. 
Deviation measurements from nominal resistance were 
taken after 1, 2, 3, 4, 7 and 28 days; and after 1000, 
2000, 3000, 4000, 5000, 6000, 7000, 8000, 10,000 
and 15,000 hours; and finally, at the end of the test, be- 
tween 27,200 and 33,400 hours. 


For each of the 10 power dissipations, six printed cir- 
cuit boards, each carrying 25 components, were put in 
a closed compartment with a blower at one end. Re- 
sistors near the blower operated near room ambient 
temperature; those farthest from it, at the highest am- 
bient temperature. Room temperature ranged from 
22-36°C. Resistors were not protected from usual fluc- 
tuations in humidity or dust. These conditions approxi- 
mated the stress conditions likely to be found in actual 
applications. 

The resistors tested were made by fusing a tin oxide 
film into a special glass rod, then spiralled to obtain the 
desired resistance path. This is the same basic construc- 
tion that’s used for all Corning tin oxide resistors. 


FREE BROCHURE * Complete test results and proce- 
dures, including seven distribution graphs and four fam- 
ilies of capability curves, are available in brochure form. 
For your copy, write on your company letterhead for 
“30,000 Hour Tin Oxide Resistor Data.” Corning Elec- 
tronic Components, Corning Glass Works, 556 High 
Street, Bradford, Pa. 


a CORNING ELECTRONIC COMPONENTS 


CORNING GLASS WORKS, BRADFORD, PA. 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELec- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular ELectro-TEcu- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


0) 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following 
the discussion of basic units and precision 
d-c measurements of the May 1960 article (in 
Electrical Manufacturing), the author offers 
details of standardizing methods for resist- 
ance devices: various forms of bridges, 
shunts and volt boxes. Circuits and illus- 
trations fully support the text. 


(1) 927—Superconductive Circuits for Com- 
puting Machines, April 1960, 12 pages. Gain 
and time constants of wire-wound and film- 
type cryotrons (operating at temperatures 
approaching absolute zero) are compared. 
Characteristics of cross-film types are given 
and their use illustrated as storage cells and 
as logic gates, adders and shift registers. 
Because of their minute size and very low 
power losses, wide use of cross-film cryo- 
trons is foreseen in extremely compact 
digital-computer systems. 


(J 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applica- 
tions of small compression, extension, tor- 
sion, and flat springs are considered, with 
examples worked out with the aid of estab- 
lished equations and tabular data on ma- 
terials properties. Conservative stress values 
are used in line with military reliability 
norms. 


0 923—Stability of Epoxy-Encapsulated 
Magnet-Wire Systems—An Analysis of Com- 
patibility Factors, March 1961, 9 pages. 
Rapid increase in the use of encapsulated 
windings and coils in motors and other ap- 
plications creates a need for studies of the 
compatibility between resin encapsulant and 
magnet-wire insulation. This article reviews 
basic parameters in encapsulated magnet- 
wire system design, describes test methods 
used on compatibility studies, and presents 
summaries and interpretations of test data 
obtained from several major test programs 
now under way. 


0D 917—Quiet Wiring, March 1961, 4 pages. 
Explanation of what causes noise due to 
electromagnetic ambient conditions. In most 
cases, noise can be reduced by proper wiring 
procedures. Examples are given. 


0 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. 
A report on current advances in magnetic 
materials and their impact on design 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 


govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 


Number of pages 
4-12 16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 





engineering, from the Sixth Annual Con- 
ference on Magnetism and Magnetic 
Materials co-sponsored by AIEE and AIP. 
Selected papers relating to the design en- 
gineering function are reviewed and _ in- 
terpreted: theoretical aspects, thin metallic 
films, oxides, high coercive force materials, 
metals and alloys, soft magnetic materials. 
Text supported by charts and graphs. 


0 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions 
and Constant-Resistance All-Pass_ Lattice 
Networks, February 1961, 2 pages. The 
basic principles of network synthesis, as 
presented in the January 1961 issue Science 
& Engineering article, are applied to the 
synthesis of RLC transfer functions and 
constant-resistance all-pass lattice networks. 


0 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 
pages. The problem of reliability assumes 
serious proportions whenever numerous 
hardware components and transmission of 
large amounts of data of an informational 
and control nature are involved. Beyond the 
very definite limits of improving of com- 
ponents, the problem must be attacked by 
use of redundant components and circuits. 
Principles of redundancy in equipment and 
coding in data transmission are discussed 
and examples given. 


0 913—Editorial Index to Electro-Tech- 
nology (formerly Electrical Manufacturing) 
for 1960, 24 pages. This yearly subject- 
classified index is completely annotated, in- 
cludes author index, plus separate indices 
for Editorial page, Design Trends, and Re- 
search Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classifica- 
tion and Alphabetical Subject Cross Index 
which form the basis of the index system. 


0 906—Bessel and Gamma _ Functions, 
January 1961, 12 pages. Basic principles of 
Bessel and gamma functions and applica- 
tions. Bessel’s equation and the Bessel func- 
tion, recurrence relationships, the general- 
ized form of Bessel’s equation, the gamma 
function, solution to Bessel’s equation and 
the Bessel functions of the first and second 
kind, modified Bessel functions and the 
method for deducing recurrence relation- 
ships, or basic identities. 


0 904—The Technique of Transformer 
Design, January 1961, 8 pages. For power 
transformers, including those for rectifier 
circuits, the details of design from lamina- 
tion selection through thermal aspects are 
presented. Design examples demonstrate the 
methods; dimensional and magnetic data for 
stock laminations are included. 


0 952—Bibliography — Computing Ma- 
chines in Control Systems, December 1960, 
1 page. A selected listing of articles and 
books in the literature providing a back- 
ground for ELECTRO-TECHNOLOGY’sS new se- 
ries on Computing Machines in Control Sys- 
tems—TuHE Forum. 


0 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants” which are actu- 
ally functions of frequency, current, and 
other circuit conditions, must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


O 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sistors (made by 18 companies) rated for 
max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


O 909—Variability in Functional Aging ot 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
lated conditions. 


O 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


O 936—Static Magnetic Frequency Multi- 
pliers, November 1960, 9 pages. The modes 
of operation and typical circuits of fre- 
quency multipliers using saturating magnetic 
cores. New lamination materials and recti- 
fiers have made possible new orders of 
efficiency for this well-known principle. 


O 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 


Present version proposed September 
1, 1959 and adopted with interim re- 


visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to ELecTRO-TECH- 
NOLOGY, 205 E. 42 St., New York 17. 
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O 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


[) 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


O 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
networks. The modular concept is expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


(1) 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics of 
permanent-magnet behavior and _ design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 


O 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


0 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
tials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 


({] 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. 


0 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
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distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


0 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
erators considered. 


0 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output combinations. 


O 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


0 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p 185). 


O 919—Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
age is explained and data analysis for radia- 
tion damage is given in graphs and charts. 


O 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized. 


0 926—Plastics Molding Materials for Struc- 
tural and Mechanical Applications, May 
1960, 11 pages. A review of plastics molding 
materials, based on structural and mechani- 
cal properties and design parameters. Newer 
materials described. Significance of test 
methods discussed. 


0 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 


standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be calibrated by boot- 
strap methods, also how instrument poten- 
tiometers can be calibrated using the stand- 
ard cell and a universal ratio set. 


© 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Application factors in representative 
types of critical instruments such as servos, 
resolvers, gyro gimbal bearings and gyro 
spin motors. Bearing design, materials, lu- 
bricants, loading. life expectancy and fits are 
discussed, as related to bearings approxi- 
mately 1 in. OD and smaller. 


O 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commercial thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Problem examples. 


© 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


QO 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter ar- 
rangements can be achieved. 


O 928—Magnetism Research Pushes New 
Engineering Developments (Parts I and II), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


O 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Using AWG wire size 
as the basic parameter, time-saving coil de- 
sign charts minimize the error hazard in 
repetitive routine computations. Data pre- 
sented in graphic form apply to layer- 
wound coils and, within certain limits, to 
random windings. Derivations and examples 
of use included. 


0 937—Effects of Temperature on A-C 
Magnetic Properties of Nickel-Iron Alloys, 
December 1959, 6 pages. In the second half 
of a two-part study, results are reported in 
the form of curves for 60, 400, and 1000 
cps describing variation of core loss per 
unit of weight and rms exciting volt-amperes 
per unit of weight as temperature varies. Six 
alloys are reported for the temperature 
range —60 to +250 C. 


O 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; S0— 
$20.00; 100—$30.00. Send check with 
order payable to ELECTRO-TECHNOL- 
ocy, 205 East 42 St., New York 17. 





a 
ete ee a Sr ia 





Ayia 
PANEL AREA 
270 SQ. IN. 
PANEL AREA 
97 SQ. IN. 37% 
1 SQ LARGER 
VOLUME VOLUME 2540 CU. IN. 
1480 CU. IN. 71% LARGER 


PANEL AREA 
322 SQ. IN. 


63% 
LARGER 


VOLUME 2820 CU. IN. 
90% 





LARGER 


PANEL AREA 
475 SQ. IN. 


141% 
LARGER 


VOLUME 5750 CU. IN. 


224% LARGER 





PANEL AREA 
645 SQ. IN. 


227% 
LARGER 





VOLUME 5775 CU. IN. 
288% LARGER 


APRIL 1961 


| 


Now! A complete line of easy- 
to-install Gutler-Hammer Starters 


including a new compact Size d 


7 sizes for use as components or as complete starters 
(Size OO, O, 1, 2, 3, 4 and 5) 


Now get all the advantages of Cutler- 
Hammer’s Three Star starter line in seven 
sizes. You can control motors from frac- 
tional hp up to 200 hp, now that the new 
Size 5 is available. 


The new Size §& starter needs only an 
eight-inch deep case. Its open dimensions 
are only 13” wide, 15 3/16” high, 714” deep 
. and is available as a non-reversing or 
reversing starter or as a contactor. 

Even the wiring’s easier. Instead of strug- 
gling to force the line and load cables into 
the lug connectors, the lugs unbolt, and 
are easily reassembled. 

You still get, of course, the famous Three 
Star advantages that have made Cutler- 
Hammer Starters so famous: dependable 


WHAT’S NEW? ASK.. 


pivoted armature, vertical contacts that 
don’t collect dust, ease of installation, ease 
of inspection and maintenance, plus many 
other features. 

Be sure to send for Pub. LO-40-G231 to 
get all the facts on the complete Cutler- 
Hammer Starter line. 


What's New at Cutlier-Hammer? 
There’s a new spirit here. You can see it in 
the new products, the new engineering 
talent, the increased plant capacities. We’re 
ready for the great growth of the sixties so 
you can be ready to meet the great de- 
mands upon your capacities. We’d like to 
tell you more. Contact the Cutler-Hammer 
electrical distributor or the Cutler-Hammer 
sales office nearest you. 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, Wisconsin 


+ Division: Airborne Instruments-daboratory + Subsidiary: Cutler- 


Hammer International, C. A. Associates: Canadi ian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 
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Science & Engineering Reprints 





Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to ELEc- 
TRO-TECHNOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title 5 25 
All regular $1.00 reprints $.90 $.75 
Electrical Insulation—1960 1.80 1.60 
Automatic Control Systems 2.00 


Boolean Algebra 1.80 1.60 
Casting Resins 1.75 150 
Semiconductor Electronics 1.80 1.60 
The Forum 1.80 1.60 


One-Year S & E Subscription 
Now Available 


O For readers desiring to receive a 
reprint copy of each monthly Science 
& Engineering feature as it appears, 
an annual subscription is now avail- 
able. Subscription fee for one year 


(covering 12 monthly S & E articles) 
is $6.00. Annual subscriptions will be 
processed to start with the current 
month’s feature. (Special compen- 
diums which are not a part of the 
S & E series are not included in this 
offer.) $6.00 





O Quantum Electronics, April 1961, 12 
pages. An introduction to the theory of 
quantum mechanics written for the elec- 
trical engineer concerned with its applica- 
tion to solid-state devices such as semicon- 
ductors. Includes Planck’s radiation theory, 
the concept of the Bohr atom and de Brog- 
lie’s hypothesis of the wave-particle duality 
of the electron. The wave equation is re- 
lated to the Schrédinger equation. Among 
other aspects considered are: observables and 
operators, eigen functions and values, the 
indeterminacy principle. $1.00 


0 Probability, Statistics and The Theory 
of Games, March 1961, 24 pages. Basic pat- 
terns, laws and mathematical models re- 
volving around the theory of probability 
fundamental to any field of application: per- 
mutations and combinations, probability of 
events occuring in a sample space, distribu- 
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tions, random variables, the Law of Large 
Numbers, averaging, estimation, random 
processes, correlation theory, spectral analy- 
ses, the Gaussian process, construction of 
tests, games theory. $1.00 


() Semiconductor’ Electronics, 44 


pages plus cover. A complete refer- 
ence work for the engineer interested 
in the theory of operation of semi- 
conductor diodes and transistors and 
in the design of circuits involving such 
devices. Beginning with a discussion of 


solid-state physics, this series of six 
articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their 
working characteristics. Procedures for 
the analysis of transistor networks 
and the design of amplifier and switch- 
ing circuits are given. $2.00 





0) Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The 
phenomenon of electrical breakdown is ex- 
amined in its various aspects, beginning with 
classical theories of mechanisms of break- 
down and concluding with consideration of 
the influence on breakdown of the nature 
of the dielectric (primarily electron behavior 
and molecular structure). Practical design 
implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies 
are used, in addition to mathematical deri- 
vations. Basic concepts discussed are drawn 
from phenomena of breakdown in gases— 
applicable to explanation of breakdown in 
liquids and solids. $1.00 


0 Introduction to Network Synthesis, Janu- 
ary 1961, 20 pages. Basic characteristics of 
network synthesis are presented and syn- 
thesis for optimum results and exact solu- 
tions is demonstrated. Frequency-domain 
synthesis of passive lumped-constant net- 
works is stressed. Includes synthesis of 
simple driving-point functions by recogni- 
tion, realizability conditions of network func- 
tions, approximation of a given curve by 
an appropriate rational function, related 
problems. $1.00 


(1) The Forum: Computing Machines 
in Control Systems, 44 pages. A com- 
pendium of the following articles: 
“Computing Machines in Control} 
Systems—Blocks to Communication 
and Basic Principles” (December 
1960); “Analysis of Numerical Con- 
trol Systems,” a functional descrip- 
tion of 36 representative numerical 
control systems displayed at the Chi- 
cago Machine Tool Exposition—1960 
(November 1960); “Machine Tool 
Control—Principles of Data Process- 
ing in Numerical Control of Machine 
Tools,” plus a panel discussion of 
the subject by experts from the vari- 
ous disciplines involved in the syn- 
thesis and use of machine-tool control 
systems (March 1961). Includes also 
a comprehensive one-page Bibliog- 
raphy. $2.00 





0 Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 


accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


0 Electrical Noise, November 1960, 20 
pages. Major types and origins of electrical 
noise and the effects of noise on system 
behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 


© Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
bers is concerned with the properties of 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


0 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
of specific types of corrosion encountered in 
engineering design. $1.00 


Special Combination Offer 


© Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration. $2.00 





0 Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 


0 Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
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meters of dynamic states of mechanical 
systems are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


0 Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines presents essential char- 
acteristics of digital computing ma- 
chines in production and in advanced 
stages of development. Principles of 
operation and applications for design 
engineers. $1.00 


OO Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part 1 defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part II examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 
provides extended examples of molecular 
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copies 


Quantum Electronics 


Probability, Statistics and Theory of Games ... 

Forum: Computing Machines in Control Systems . 
Semiconductor Electronics ........ 
Fundamental Nature of Electrical Breakdown .... —-_ 
Introduction to Network Synthesis . . 
Electrical Insulation Deterioration ............. lia 
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Number — The Language of Engineering ....... ‘otiaeician 
Digital Computing Machines ...... 


The Nature and Control of Corrosion .......... et 
Microwaves — Principles and Devices .......... dineeinaae 


Basic Differential Equations ....... 


engineering 1n the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 


O Logic—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle’s 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 
applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


O Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 
principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


O Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
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view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 


©) Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 1%-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


O Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent and unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


© Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
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EXCITATION! 


115-VOLTS...400-CYCLES...FOR 
BOTH MOTOR AND GENERATOR 


Now, a Size 8 servomotor-generator 
with both motor and generator wound 
for 115-volt, 400-cycle supplies. It’s 
BECKMAN Model 9008-1106-0, ready 
now to help cut costs in your system 
..-aid in achieving greater reliability 
and economy. 

Generator specs show an output of 
0.30 volts per 1,000 rpm, phase shift 
is 0° + 10°. The servomotor turns 
6,000 rpm, no-load speed, its stall 
torque is 0.33 oz. in., and accelera- 
tion at stall is 70,700 rad /sec*. Length 
of this motor-generator complete is 
1.850” and maximum weight is 2.6 
ounces. 

For complete facts on BECKMAN 
Model 9008-1106-0, contact your 
nearest Helipot Sales Representative, 
or write directly to us. 





Beckman 


Helipot’ 


POTS : MOTORS : METERS 
-Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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of mathematical short- 
$1.00 


these two forms 


hand. 


1) Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
sents impulse-response, frequency-response, 


p-transform and z-transform methods. Shows | 


how to plot Nyquist, Bode and root locus 


| diagrams with z transforms. Use of the nor- 


malized sT plane for analyzing sampling 
adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 


| the z transform for table-generating func- 


| tion. 


$1.00 


| © Low-Noise, Solid-State Microwave Am- 


plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 


optically pumped devices) and parametric | 
MAVAR amplifiers (both semiconductor and | 
ferromagnetic types) plus a brief introduc- | 


tion to the tunnel-diode amplifier. $1.00 


| © Digital Methods in Measurement and | 





Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 


related to design engineering properties of | 


$1.00 | 


plastics. Discussion covers: the molecular | 


formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


©) The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 


| plus cover. Contents include discussions of 
| the following: Electrostatics; Electric Fields 
| in Free Space; Electric Induction; Capaci- 


tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


O The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 


| 1959, 20 pages plus cover. The major types 


of vibration are discussed (periodic, random, 
structural and airborne); also the major 
types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
devoted to the effects of shock and vibration 
on missile electronic components. Types of 
damage are analyzed; principles of testing 
given; specifications summarized. 


$1.00 | 


O Key to Metais in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of | 


| properties. 


metals are related to design concepts. The 


effects of environment and mechanisms of | 


damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
$1.00 


O Heat Flow Theory, April 1959, 20 pages 
Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 
expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. 


$1.00 | 


HOW HI-LO’S CAM CONTROL 
MaDe Leia) 


EFFICIENCY 





SPRINGS FOR 
BELT 

CONTACT 
ONLY 








WEDGING Ss BELT ALWAYS 
ACTION IN PROPER 
OF CAM less TENSION 

ASSEMBLIES AND ALIGNMENT 





1+ Opposite wedging action of the 
exclusive patented cam and cam 
follower assemblies prevents 
pulley spread. 
Result: constant speed is main- 
tained at all times, even under 
overload conditions. 


2- Cam action also automatically 
compensates for tension and 
alignment. 

Result: belt is never under more 
tension than required by the load, 
always in proper alignment. 


3° Springs are not driving members 
but serve only to keep pulley 
faces in contact with the belt. 
Result: smooth and steady trans- 
mission of power, belt is never 
subjected to excessive spring 
pressure and lasts longer. 


Hi-Lo Pulleys described above are avail- 
able in standard V-belt series from frac- 
tional to 5 hp. (1750 rpm.), ratios to 2.6 
to 1 and in wide V-belt series from 1 to 
5 hp. (1750 rpm.), ratios to 


3 to 1. 
- 


For full details on these and 
also Hi-Lo’s economy and 
high ratio lines request 
Bulletin H-61. 





MANUFACTURED BY 


HI-LO MANUFACTURING COMPANY 





AFFILIATE OF 


Lovejoy Flexible Coupling Co. 


Circle 176 on Inquiry Card 





O Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Includes: Origins of 
Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves; 
Time Effects in Soft Magnetic Materials; 
Effects of Atomic Ordering in Alloys; Inter- 
actions for Heterogeneous Systems. $1.00 


© Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


— COMPENDIUMS———— 


() Transformer Materials for Extreme En- 
vironments, March, April, May and June 
1960, 28 pages. A series of four articles in- 
terpreting research and development on 
small transformers designed to operate under 
extreme environments of 500 C tempera- 
ture and nuclear radiation. Work carried 
out under Air Force and Bureau of Ships 
contracts presents data on: electrical insula- 
tion materials, magnet wire (both wire and 
insulation), magnetic core materials, and 
transformer structural materials. $1.00 


() Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in ELectricaL MANu- 
FACTURING as a series of six articles. $3.00 


OO Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 
—both combinational and sequential 
—in any medium: mechanical, elec. 
trical, hydraulic, electronic or solid 
state. Includes five previously pub- 
lished articles plus a never-before- 
published appendix. $2.00 


O) Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separately. 
Logical development of the slide rule’s fun- 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry; The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule. $1.00 


Postcard return cards are provided 
at end of book as a convenience 
to the reader in obtaining further 
information on— 


e New Components and Ma- 
terials 
Literature for the Design 
Engineer 
Feature Article Reprints 
Advertised Products 





WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. We'll 
deliver BEcKMAN® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days. 

Fact is, quick delivery and customer 
service go along with every BECKMAN 
meter... voltmeters, ammeters, milliam- 
meters, and microammeters...in sizes 
ranging from 244” to 414”. 

Best of all, they are excellent meters 
...and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con- 
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A. Like we said: they are excellent 
meters. 

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 


Beckmar’ 


Helipot’ 


POTS : MOTORS : METERS 
Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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LITERATURE for the Design Engineer 





All-new listings of manufacturer’ s literature just off the press .. . 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


RECTIFIER WALL CHARTS 
Charts ECG-545 and -546, Rectifier Se- 


lection Chart and Characteristics of 
Common Rectifier Circuits, allow choice 
of proper device without reference to 
other information sources. ECG-545 
covers average amp per cell and recur- 
rent peak reverse voltage, classified by 
temperature ratings which can be ob- 
tained from ECG-546. Contain color 
code and explanatory notes. General 
Electric Co., W. Genesee St., Auburn, 
Md. 

Circle 756 on Inquiry Card 


INSTRUMENT CATALOG 


Fifteen-page Grundig catalog contains 
photographs and descriptions of oscillo- 
scopes, electronic switch, voltmeters, 
signal generators, power supplies, meas- 
uring instruments and accessories, etc. 
EPIC, Inc., 150 Nassau St., New York 
38. 

Circle 757 on Inquiry Card 


PHOTOELECTRIC CONTROLS 


Eighty-page history describes “Infra- 
beam” control in materials handling, 
production and automatic control. 
Modulated infrared radiation enables 
device to operate by reflected or in- 
terrupted beam over long range under 
high ambient light conditions. Elec- 
tronics Div., Cramer Corp., Center- 
brook, Conn. 

Circle 758 on Inquiry Card 


HIGH-TEMPERATURE METALLIZED- 
PAPER CAPACITOR CATALOG 


Catalog 131B8, six pages, contains 
complete physical and electrical char- 
acteristics. Includes capacitors capable 
of operation to 125 C without derating. 
Types are metal-cased tubulars, bath- 
tubs and rectangular. Aerovox Corp., 
New Bedford, Mass. 

Circle 759 on Inquiry Card 


INSTRUMENT CATALOG 


Four-page catalog describes and illus- 
trates, with photographs, small preci- 
sion voltage sources, d-c amplifiers, d-c 
to d-c converters, d-c to a-c inverters, 
power supplies and circuit modules. 
Electronic Development Corp., 423 W. 
Broadway, Boston. 

Circle 760 on Inquiry Card 


186 


COUPLING BULLETIN 


Bulletin 4100, 23 pages, includes dia- 
grams and charts and explains “grid- 
groove” coupling which protects con- 
nected machines against shock, vibra- 
tion and misalignment. For 34 hp and 
up. The Falk Corp., Box 492, Mil- 
waukee 1. 

Circle 761 on Inquiry Card 


CLUTCH CATALOG 


Catalog 142, 42 pages, covers automatic 
centrifugal clutches and clutch coup- 
lings. Rated power, 0.15 hp and up. 
Includes tables, charts, graphs covering 
hp ratings, service factors, allowable 
acceleration and representative mount- 
ing arrangements. Formsprag Co., 
23601 Hoover Rd., Warren, Mich. 
Circle 762 on Inquiry Card 


RELAY CATALOG 


Four-page catalog illustrates series of 
telephone and all-purpose relays. In- 
cluded are a-c and d-c actuated units, 
hermetically sealed and plug-in types. 
Includes photographs, specifications and 
terminal wiring diagrams. Magnecraft 
Electric Co., 3350A W. Grand Ave., 
Chicago 51. 

Circle 763 on Inquiry Card 


ANTI-STATIC COMPOUNDS 


Four-page data sheet describes com- 
pounds which deter accumulation of 
dust and foreign particles by preventing 
static electricity. Solution may be ap- 
plied by brush, spray or dip. Lists uses, 
describes application techniques. Merix 
Chemical Co., 2234 E. 75th St., Chica- 
go 49. 

Circle 764 on Inquiry Card 


ALUMINUM SOLDER 


Series of data sheets and test reports 
offer information on aluminum fluxless 
solder that melts at 210 C. Includes 
test procedures, data, results and con- 
clusions of conducted tests. Solder per- 
mits joining of dissimilar metals. Metals 
for Industry, Inc., 299 Pavonia Ave., 
Jersey City 2, N. J. 

Circle 765 on Inquiry Card 


PRESSURE-SENSITIVE NAMEPLATES 


Four-page folder and data sheets pro- 
vide information on line of decal trans- 
fers. Information is given on applica- 


tions and selection of decals. Types 
discussed include heat-resistant and ab- 
rasion-resistant decals. The Meyercord 
Co., 5323 W. Lake St., Chicago 44. 
Circle 766 on Inquiry Card 


MICROWAVE COMPONENTS 


Catalog 10, 72 pages, presents detailed 
specifications on attenuators, filters, 
crystal mounts and tuners. Section of 
catalog offers information on component 
selection. Included is article entitled 
“The Application of Matrix Algebra 
to the Design of Microwave Networks.” 
Microlab, 570 W. Mt. Pleasant Ave., 
Livingston, N. J. 

Circle 767 on Inquiry Card 


MICROWAVE FERRITE DEVICES 
Series of 21 single-page data sheets 
describe high-power ferrite circulators 
and broadband isolators. Includes com- 
plete specifications and outline draw- 
ings. Circulator bandwidths range from 
2700 to 35,900 me; isolator bandwidths 
range from 2.6 to 34 kmc. Microwave 
Associates, Inc., Burlington, Mass. 
Circle 768 on Inquiry Card 


EPOXY RESIN 


Brochure, four pages, offers informa- 
tion on “Scotchcast 241” semi-flexible 
electrical resin for encapsulation ap- 
plications where thermal-shock resist- 
ance is required. Lists electrical and 
physical properties, viscosities at vari- 
ous oven temperatures and curing time 
required. Minnesota Mining & Manu- 
facturing Co., 900 Bush Ave., St. Paul 
6, Minn. 

Circle 769 on Inquiry Card 


ROD ENDS 
Catalog 101, 12 pages, provides detailed 
information on spherical bearings and 
rod ends for applications where linkage 
misalignment must be accommodated. 
Includes specifications and drawings 
for male, female, studded and non- 
studded types. Split Ballbearing, Div. 
of MPB, Inc., Lebanon, N.H. 

Circle 770 on Inquiry Card 


SELF-COMPENSATING RESISTOR 

Catalog T-1, two pages, describes wire- 
wound resistor containing integral tem- 
perature-compensating network permit- 
ting resistance compensation. Total 


Circle 178 on Inquiry Card > 
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variation over temperature range of 
55 to +125 C is less than 0.03 per 
cent. List specifications, characteristics, 
ratings. National Resistance Corp., 56 

Walter St., Pearl River, N.J. 
Circle 771 on Inquiry Card 


TRANSISTOR CIRCUITRY TESTER 


Two-page data sheet covers Model 1320 
“Experimenter” for designing and test- 
ing p-n-p transistor switching circuitry. 
Unit contains three power supplies and 
square-wave generator. Frequency is 
variable over 5 to 500 ke. Navigation 
Computer Corp., Valley Forge Indus- 
trial Park, Norristown, Pa. 

Circle 772 on Inquiry Card 


CONTROL TRANSFORMERS 


Brochure, 20 pages, presents informa- 
tion on line of transformers which have 
ratings from 0.02 to 500 kva. Included 
are electrical specifications and photo- 
graphs of the units, which are both open 
frame and cased types. Nothelfer Wind- 
ing Labs, Inc., 220 Ewingville Rd., 
Trenton, N.J. 

Circle 773 on Inquiry Card 


ELECTRON TUBES 

Catalog 2250, eight pages, contains ref- 
erence information on power and pulse 
tubes, ionization gage tubes and high- 
vacuum diodes. Specifications included 
list tube type, description, characteris- 


188 


tics and typical operation conditions. 
Nuclear Corp. of America, Denville, 
N.J. 

Circle 774 on Inquiry Card 


COAXIAL CONNECTOR 


Single-page data sheet offers informa- 
tion on Series 1100 quick-disconnect 
connector. For use with 50-ohm RG- 
196/T 
134 in. long x 4 in. diam. Weight is 
5 gm. Nu-Line Industries, Inc., 1015 
So. Sixth St., Minneapolis 4. 

Circle 775 on Inquiry Card 


coaxial cable, the connector is 


MOTOR-STARTING RELAY 
Technical Bulletin 1806, two pages, 
describes Model H80 relay which senses 
variation of voltage magnitudes. Lists 
characteristics, electrical and mechani- 
cal specifications, and discusses applica- 
tions with capacitor-start motors. Ranco 
Inc., 601 W. Fifth Ave., Columbus 1, 
Ohio. 

Circle 776 on Inquiry Card 


TFE-FLUOROCARBON ADHESIVES 


Technical Sales Bulletin 121, three 
pages, presents detailed information on 
adhesives and methods for bonding re- 
inforced TFE-fluorocarbon to itself and 
to metals. Tabulated are adhesive sys- 
tems, bonding conditions, and adhesive 
suppliers. Rogers Corp., Rogers, Conn. 

Circle 777 on Inquiry Card 


VOLTAGE DIGITIZERS 


Four-page data sheets give complete 
specifications of V12-AB, 4 octal-digit, 
and VR10-AB, 10 binary-bit, semicon- 
ductor analog-voltage input to digital 
output converters. Sheets include photo- 
graphs, functional block diagrams, logi- 
cal description. Adage, Inc., 292 Main 
St.. Cambridge 42, Mass. 

Circle 778 on Inquiry Card 


PRECISION PHASE METER 
Four-page bulletin gives specifications 
and circuit data of 405-series meters 
for measuring phase angle between two 
alternating voltages. Requires no amp- 
litude, zero or frequency adjustment. 
Contains direct-reading meter. Capable 
of plotting phase-frequency curves on 
recorder or oscilloscope. Ad-Yu Elec- 
tronics Lab., Inc., 249 Terhune Ave., 
Passaic, N. J. 

Circle 779 on Inquiry Card 


MICROWAVE POWER AMPLIFIERS 
One-page release describes Models 
T601 and T602 with broadband travel- 
ing-wave tubes, which cover 2 to 15 kmc 
and 10 to 20 kme, respectively. Contains 
features, applications and characteris- 
tic curves. American Electronic Labora- 
tories, Inc., 121 No. 7th Ave., Phila- 
delphia 6. 


Circle 780 on Inquiry Card 
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MAGNETIC TAPE INSTRUMENTATION 


Bulletin 3400, eight pages, reviews 
Series 460 recorder-reproducer which 
uses magnetic tape. Features 7 or 14 
tracks to IRIG standards, modular 
power supply, solid-state circuitry. De- 
scribes theory of operation, perform- 
ance and detailed specifications. San- 
gamo Electric Co., Springfield, Il. 
Circle 781 on Inquiry Card 


PRESSURE TRANSDUCERS 


Four-page Data Folder SP-2 and series 
of data sheets describe transducers for 
pressures to 5000 psig. Folder presents 
glossary of transducer definitions; data 
sheets contain electrical and mechani- 
cal specifications. Standard Controls, 
1130 Poplar Place, Seattle 44, Wash. 
Circle 782 on Inquiry Card 


SELF-LOCKING BLIND NUT 


Six-page fold-out brochure reviews 
blind flush-mounting locking nut. For 
use with NAS __longer-thread-length 
bolts. Features one-piece con- 
struction; has tensile strength of 
125,000 psi. Brochure suggests applica- 
tions; details specification data. Stand- 
ard Pressed Steel Co., Jenkintown, Pa. 

Circle 783 on Inquiry Card 


shear 


SILICON TRANSISTORS 


Series of four-page engineering data 
sheets offer detailed information on 


Trucks don’t have to run over elec- 
tric cords. But they do. 

That’s why people who buy your 
product need a tough cord. One 
that is mechanically strong. One 

that resists acids, alkalies and oils. One that 
ages well in sunlight and weather. One that 
won't support combustion. 

You get all these characteristics rolled into 
one when you select a Rome 60 Type SO 


2N1118, 2N1119, and 


transistors. In- 


small-signal 
2N1429  surface-alloy 
cludes ratings, mechanical specifica- 
tions, and characteristic curves for 
high-frequency devices. Sprague Elec- 
tric Co., 307 Marshall St., North 
Adams, Mass. 

Circle 784 on Inquiry Card 


ACCELERATION SWITCHES 


Brochure, six pages, presents informa- 
tion on problems and principles of ac- 
celeration switch operation. Included 
are specifications and dimensional 
drawings of two units which have 
ranges from 0.1 to 100 g. Systron- 
Donner Corp., 509 Galindo St., Con- 
cord, Calif. 

Circle 785 on Inquiry Card 


TEST EQUIPMENT 
Catalog, 16 pages, presents information 
on line of oscilloscopes, square wave 
and pulse generators, and Model C-12 
oscilloscope Includes photo- 
graphs, specifications, and price infor- 
mation. Suggests applications, lists en- 
gineering representatives. Tektronix, 
Inc., P.O. Box 500, Beaverton, Ore. 
Circle 786 on Inquiry Card 


camera. 


ENVIRONMENTAL CHAMBERS 


Product catalog, 30 pages, describes 
line of radiant ovens, controlled-atmos- 
phere enclosures and vacuum equip- 


heavy-duty portable cord. 


The high-quality rubber insulation used 
with Rome 60 is suitable for 75 C operation, 
providing good overload protection and long 


APRIL 1961 


ment. Included are descriptions of 
optional and standard equipment, speci- 
fications of units and outline drawings. 
Temperature Engineering Corp., Box 
NL1, Riverton, N.J. 

Circle 787 on Inquiry Card 


BLIND RIVETS 


Bulletin TCL-160, 12 pages, contains 
specifications for structural and non- 
structural rivets available in aluminum, 
mild steel and monel. Charts, drawings 
and photographs give information on 
rivet selection, drill-hole size and ma- 
terial thicknesses. Townsend Co., Box 
2157-Z, Santa Ana, Calif. 

Circle 788 on Inquiry Card 


ELECTRICAL CONTACTS 


Brochure, four pages, provides infor- 
mation on contact shapes, materials 
and automatic contact assembly ma- 
chinery. Chart is included which lists 
material properties; drawings outline 
standard contact configurations. Judson 
L. Thomson Manufacturing Co., Saw- 
yer Rd., Waltham 54, Mass. 

Circle 789 on Inquiry Card 


TRANSISTOR-DIODE TESTER 

Catalog sheet, four pages, reviews 
Model TDT-200A tester that permits 
testing of reverse and forward currents 
of transistors and diodes. Unit features 
adjustable voltage source, built-in over- 


life. On the outside you have Roprene, a neo- 
prene jacket lead-mold cured to a tirelike 
toughness. 

So forget about abrasion, chemicals, mois- 
ture, weather. Standardize on Rome 60, the 
portable, heavy-duty cord designed for rugged 
service. Choose from sizes No. 18 to 10 AWG, 
two to six conductors, 0-600 volts... For com- 
plete specifications, write to the Rome Cable 
Division of Alcoa, Dept. 25-41, Rome, N. Y. 


For applications not requiring a premium lead- 
cured jacket, Rome 50 portable cord will provide 
cost savings. 


ROME CABLE 
DIVISION OF ALCOA 


Circle 179 on Inquiry Card 








load protection. Specifications and test- 
ing logic diagrams are included. Tran- 
sistor Electronic Corp., 3357 Republic 
Ave., Minneapolis 26, Minn. 


Circle 790 on Inquiry Card 


CERAMIC CEMENT 
Product Note, two pages, describes 
Type 64CP cement for bonding temper- 
ature or strain-gage transducers to 
metallic or non-metallic surfaces. Suit- 
able for applications involving elec- 
trical insulation, thermal and 
rigidity. Sheet lists preparation and 
application procedures. Trans-Sonics, 
Inc., P.O. Box 328, Lexington 73, Mass. 
Circle 791 on Inquiry Card 


stress 


PRECISION WIREWOUND RESISTORS 


Four-page folder describes encapsu- 
lated standard, miniature and sub-min- 
iature resistors. Conformance with 
MIL-R-93A, MIL-R-93B and MIL-R- 
9444. Contains specifications and tech- 
nical data including derating curves 
and resistance vs temperature curve. 
The Hanjohn Co., Inc., 9834 E. Alpaca 
St., S. El Monte, Cal. 


Circle 792 on Inquiry Card 


PORTABLE R-F CALORIMETER 

One-sheet describes Model 
RFC-15B for field or laboratory use 
which performs r-f measurements to 
1500 watts average power, 15 kw peak, 
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more efficient. 


with no metallic particles. 


pany, Covington, Virginia. 
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HAVE YOU TRIED 
THIS INSULATION ? 


West Virginia's Pressite is the heavy-duty pressboard 
insulation that makes every transformer and capacitor 


Pressite is made of 100% virgin kraft pulp from our 
own mill. Our complete product control from forest to 
mill assures consistent uniformity and absolute purity, 


For Punchings.. . Electrite or Densite. |f your proj- 
ect requires a hard board sized to resist moisture, 
specify Electrite. Even harder is Densite, sized for 
moisture or unsized for applications in oil. 


See How Our Pressboard Can Help You: 

For complete technical data on all three grades, plus 
Underwriters’ Laboratories Report #E3987, write Board 
Products Sales, West Virginia Pulp and Paper Com- 


with accuracy of +5 per cent. Termi- 
nations available from d-c to 5000 mc. 
Weight, 42 lb. The Hallicrafters Co.., 
4401 W. 5th Ave., Chicago 24. 

Circle 793 on Inquiry Card 


CONDUCTIVE ADHESIVES 

Two-page release describes “Isochem- 
duct 2.5” based on conductive silver 
that is true conductor over temperature 
range to +85 C. Available in two-part 
system or non-mix with no pot life. 
Isochem Resins Co., 221 Oak St., Provi- 
dence 9, R. I. 


Circle 794 on Inquiry Card 
CORROSION-RESISTANT PLASTICS 


Twenty-five-page booklet and chart de- 
scribes “Penton”, chlorinated polyether, 
for extrusion or precision molding. 
Bocklet contains information on chem- 
ical, physical, and electrical properties 
as well as uses. Chart shows corrosion 
resistance to 391 chemicals. Hercules 
Powder Co., Hercules Tower, 910 Mar- 
ket St., Wilmington 99, Del. 


Circle 795 on Inquiry Card 


MEGOHM BRIDGE 

Four-page Engineering Notes, Volume 
8 Number 5, describes Model 515, 
guarded Wheatstone bridge, for cali- 
bration of 10° to 10" ohms. Accuracy, 
0.05 per cent up to 10° ohms, 0.25 per 
cent at 10!2 ohms and 1 per cent from 
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Circle 180 on Inquiry Card 





1014 to 10% ohms. Keithley Instru- 
ments, 12415 Euclid Ave., Cleveland 6. 


Circle 796 on Inquiry Card 


INSTRUMENT PIVOTS 
Four-page Bulletin 700 describes pre- 
cision components and assemblies used 
to support moving element in electrical 
indicating instruments. Contains charts, 
illustrations and photographs. Welton 
V. Johnson Engineering Co., Inc., 95 
Summit Ave., Summit, N. J. 

Circle 797 on Inquiry Card 


LOCKNUTS 
Four-page release shows photoelastic 
stress analysis photograph and draw- 
ings. Contains standard specification 
chart for hexagonal-head nuts. Sizes 
are 2-56 to 1-14. Klincher Locknut, 
Inc., Dept. KLL-152, 2135 Hillside Ave., 
Indianapolis 18. 

Circle 798 on Inquiry Card 


TORQUE CALIBRATOR 


Bulletin TC1260, two pages, describes 
Model 6500-T2 calibrator for measuring 
torque and calibrating torque devices. 
Sheet lists torque possible, 
specifications and operation. Waters 
Manufacturing, Inc., Boston Post Rd., 
Wayland, Mass. 


ranges 


Circle 799 on Inquiry Card 


MINIATURE TRANSFORMERS 
Catalog IF-60, four pages, gives infor- 
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ELECTRO-TECHNOLOGY 


Lamb Electric's “Clean Room’ insures 
fractional horsepower motor perfection 


For assembly of small precision gear motors, Lamb” Electric 
has installed an air-conditioned, dust-free ““Clean Room”’. 
This innovation, primarily for the assembly of these custom- 
built motors, is essential for eliminating even particles of dust. 


The “Clean Room”’ is typical of progressive Lamb thinking 
that insures perfection in fractional horsepower motor design 
and manufacture. 


Do you have a special motor problem?... Here’s what you 
can expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘‘Motor Conference”’. 
THE LAMB ELECTRIC COMPANY : Kent, Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 


Lamb Elecdrie 


FRACTIONAL HORSEPOWER 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES » DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS © FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS * UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP, 
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STRENGTH LEXAN resin has an impact 
strength of more than 12 foot-pounds 
per inch of notch — higher than any 
other plastic! This toughness, plus heat 
resistance and good electrical proper- 
ties, make LEXAN resin an outstanding 
choice for 3-pole connectors used in 
rugged service on electric trucks. 


mation on 1% x % in. i-f transformers 
which cover a range from 100 kc to 
44.35 mc. Over 40 schematics are in- 
cluded; lists electrical specifications 
and construction features. Wells Elec- 
tronics Co., 1701 So. Main St., South 
Bend, Ind. 


Circle 800 on Inquiry Card 


POWER TRANSMISSION BELTS 
Catalog, 72 pages, offers information 
on belt drives for load capacities from 
fhp to 600 hp and for belt speeds to 
16,000 fpm. Covers typical applications, 
features, belt construction and discusses 
drive selection. T. B. Wood’s Sons Co., 
Chambersburg, Pa. 

Circle 801 on Inquiry Card 


SHAFT-ENCODER TRANSLATION 
Eight-page brochure describes Models 
X541 and X115 translation equipment 
for maximum sampling rate and slower- 
speed systems, respectively. Contains 
logical block and timing diagrams. 
Harvey-Wells Electronics, Inc., 14 
Huron Dr., Natick, Mass. 

Circle 802 on Inquiry Card 


DIODE CATALOG 

Four-page catalog of high-parameter, 
cool-junction diodes covers nearly all 
KIA types as well as other fast com- 
puter switching diodes and_high- 
voltage, silicon, miniature rectifiers. 
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HEAT STABILITY Lampholder terminal 
block is used inside electronic equip- 
ment where heat is difficult to dissipate. 
LEXAN polycarbonate resin replaced an- 
other thermoplastic which melted under 
severe thermal conditions. LEXAN has 
a heat distortion point as high as 290°F. 
Also keeps high strength in sub-zerocold. 





Heat dissipation is 600 mw. Delta Semi- 
conductors, Inc., 835 Production PI., 
Newport Beach, Cal. 

Circle 803 on Inquiry Card 


MOLDED ELECTRIC-MOTOR 
COMPONENTS 


Molded-parts catalog with 12 pages of 
drawings, photographs and dimension 
charts contains descriptive material on 
brush-retaining caps, carbon-brush 
holders, commutators and slip rings. 
Midwest Molding and Manufacturing 
Co., Gurnee, III. 

Circle 804 on Inquiry Card 


SOLDER ALLOY 
One-sheet Bulletin Z-105 describes 
Alloy D-800 which at 200 C is 80 per 
cent harder than normal solder alloys. 
Suitable for semiconductor processing 
as lead-base n-type ohmic junction ma- 
terial containing neither boron nor free 
iron. Also available as preforms. Ac- 
curate Specialties Co., Inc., 338 Hudson 
St., Hackensack, N. J. 

Circle 805 on Inquiry Card 


MICROFILM RECORDER 

Four-page brochure describes Model 
S-C 4920 recorder which is capable of 
producing engineering drawings when 
supplied with information by a com- 
puter. Literature reviews applications 
and operation. Includes specifications 
and operating characteristics. Strom- 








ELECTRICAL PROPERTIES A_ good 
dielectric, LEXAN resin is non-corrosive 
even when used with very fine Class F 
magnet wire. Coil forms must not distort 
at temperatures above 200°F under 
stresses caused by tightly wound wire. 
LEXAN resin provides high heat distor- 
tion temperatures under load. 


berg-Carlson, Div. of General Dy- 
namics, P.O. Box 2449, San Diego 12, 
Calif. 

Circle 806 on Inquiry Card 


PRINTED-CIRCUIT BOARD 
RECEPTACLE 
Four-page brochure describes Series 
600-7, tandem receptacle with 140 con- 
tacts divided into two sets of 38 and 32 
by center barrier in the molding. Re- 
ceptacle for two or four boards. Conti- 
nental Connector Div., DeJur-Amsco 
Corp., Woodside 77, N. Y. 

Circle 807 on Inquiry Card 


DELAY LINES 
Bulletins NPB 107 to 109, each one 
page, describe with photographs and 
specifications, variable tapped, lumped- 
constant and constant tapped delay 
lines, respectively. Dresser Electronics, 
HST Div., 555 No. 5th St., P.O. Box 
978, Garland, Texas. 

Circle 808 on Inquiry Card 


DIODE EVALUATOR 
Data Sheet 2002, one page, describes 
instrument to test d-c parameters of 
semiconductor diodes. Will accommo- 
date up to 10 matched diodes at one 
time. Leakage-current measurement ca- 
pability to 0.1 amp. Dynatron Labora- 
tories, 71 Glenn Dr., Camarillo, Calif. 
Circle 809 on Inquiry Card 
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DIMENSIONAL STABILITY Card Guide 
for business machines is molded to 
close tolerances . .. must undergo min- 
imum change in dimensions during 
service. Parts show excellent dimen- 
sional stability under moist and high 
temperature conditions. LEXAN resin 
meets self-extinguishing requirement. 


STORED-PROGRAM ANALOG 
CONTROL BLOCK 


One-sheet release provides description 
and circuit of Model C/06P/S/0-0/IN, 
fixed program building block for ma- 
chine tool and process control instru- 
mentation and simulation. Unit pro- 
vides six channels of analog control 
data. Embree Electronics Corp., 993 
Farmington Ave., West Hartford 7, 
Conn. 

Circle 810 on Inquiry Card 


BONDED DRY-LUBRICANT COATING 
One-sheet Bulletin 129 describes Type 
PVE mo.ybdenum disulfide for ferrous 
surfaces. Useful on cutting tools and 
bearings. Requires no surface pretreat- 
ment or oven curing. Sheet contains 
test data. Alpha-Molykote Corp., 65 
Harvard Ave., Stamford, Conn. 

Circle 811 on Inquiry Card 


INSTRUMENT CATALOG 
Bulletin 10-1.3, 11 pages, describes 
units for electrical research and pro- 
duction testing. Includes devices for 
measuring high-voltage breakdown, 
electric strength, insulation resistance, 
ground resistance, earth resistivity, as 
well as high-voltage power supplies and 
automatic test systems. Associated Re- 
search, Inc., 3758 W. Belmont Ave., 
Chicago 18. 

Circle 812 on Inquiry Card 
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TRANSPARENCY Stock shapes and film 
of LEXAN polycarbonate resin have ex- 
cellent transparency. Bar stock is easily 
machined; film can be thermoformed, 
heat-sealed and solvent-sealed. Combi- 
nation of clarity, toughness and mallea- 
bility gives LEXAN resin the design 
capabilities of a transparent metal! 
Circle 182 on Inquiry Card 


POWER-PACKAGE BULLETIN 
Two-page bulletin, Series 701, describes 
high-voltage supplies with 40 to 40,000 
volts output. For designed-in applica- 
tions. Includes input, output, ripple, 
reguiation, temperature, size, weight 
and special feature data of six repre- 
sentative units. AMP, Inc., Harrisburg, 
Pa. 

Circle 813 on Inquiry Card 


GEARMOTORS 


Bulletin 559B, one sheet, describes 20 
single- and double-reduction models 
with shaft output ranging from 10 to 
750 rpm. Gearmotor size, 6 x 3%e x 358 
in. Weight, about 5 lb. Carter Motor 
Co., 2700 W. George St., Chicago 18. 

Circle 814 on Inquiry Card 


COMPUTER SCALER 
Bulletin 501-29, two pages, describes 
Model QS-6 that computes count rate 
or frequency automatically. May be 
used with paper-tape printer or punch. 
Sheet includes data on input, count 
channel, time channel, cycle rate, out- 
puts, size and weight. Atomation, Inc., 
5959 S. Hoover St., Los Angeles 44. 
Circle 815 on Inquiry Card 


BERYLLIUM COPPER STRIP 

Bulletin S-1100-A, 12 pages, describes 
uses and properties of alloy. Five 
alloys are presented in tabular form 


TOUGHEST 
OF PLASTICS! 


LEXAN OPENS UP NEW OPPORTUNITIES... 
Even before LEXAN entered large- 
scale production, manufacturers, 
impressed by its exceptional proper- 
ties, developed and field tested over 
300 applications. G.E. participated 
in these developments. With the 
opening of new G-E facilities capa- 
ble of producing millions of pounds 
of LEXAN per year, the price of 
this versatile thermoplastic has 
dropped dramatically — over 40% in 
a single year. This fact alone has 
brought many new products within 
the range of feasibility. Can you 
afford to overlook the opportunities 
presented by LEXAN? Send for de- 
tails on price, properties, applica- 
tions and G-E’s technical assistance 
program today! General Electric, 
Chemica] Materials Department, 
Section ET-41, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


with data on properties before and 
after heat treatment. Includes beryl- 
lium properties in annealed, quarter- 
hard, half-hard and hard state. Berryl- 
lium Corp., Dept. 12, P.O. Box 1462, 
Reading, Pa. 

Circle 816 on Inquiry Card 
PRECISION CONTROL PRODUCTS 


Six-page folder describes and_illus- 
trates precision components and assem- 
blies. Includes mechanical components, 
counters and indicators, timing and 
programming devices, electromechani- 
cal devices and servo packages. Bow- 
mar Instrument Corp., 8000 Bluffton 
Rd., Fort Wayne, Ind. 

Circle 817 on Inquiry Card 
RECORDING VOLTMETER 
One-sheet release describes Model 
1122B-60 expanded-scale meter. In- 
cludes specifications and comparison 
recordings with rectifier and dynamom- 
eter voltmeters. Ranges are 95-135 and 
190-270 volts, 60 cps. Brenner-Fiedler 
& Associates, Inc., 7563 Melrose Ave., 
Los Angeles 46. 

Circle 818 on Inquiry Card 


MECHANICAL COUNTERS 

One-sheet release describes Series CM- 
3000 readout counters. Counting speeds: 
12000 counts per min, intermittent; 
6000, continuous. One to 999,999 read- 
out with bi-directional rotation. Chicago 
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NEW NEON INDICATOR LIGHT 


FACTS! 


@ Reliable: 25,000 hrs. min. 
for NE-2H @ .5 ma lamp 
current 

@ Neon: low power consump- 
tion—120 mW nominal 

@ Low voltage operation: 

supply 24V DC nominal 
signal—6V DC to trigger 

@ Miniaturized: hole diam- 
eter %”; behind panel re- 
quired, 1/2” 

@ Encapsulated: moisture- 
fungus proof; withstands 
vibration, thermal and 
mechanical shock 


@ Terminals: signal, positive 


supply, common ground 





‘TELEX miniaturized neon lights indi- 
cate visually the logical condition of 
high speed computer ‘‘flip-flop’’ 
modules. Countless other applications 
on portable, battery operated or low 
voltage equipment. 

Transistor driven, combines advan- 
tages of low current drain with low 
voltage operation. Can operate direct 
from basic power supply or controlled 
by high impedance signal. Standard 
model 24V DC supply polarity with 
—6V DC switching polarity. 

Variations of the terminal configura- 
tions and voltages designed to 
specification. 

More detailed specifications and infor- 
mation are available on request. Write 
to Sales Manager, 


TELEX 





SPECIAL 


Telex Park 


PRODUCTS DIVISION 
« St. Paul 1, Minnesota 

Dept. SP-208 

Superior communication accessories for 

every need—TELEX Communications 

Accessories Division 
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Dynamic Industries, Inc., Precision 
Products Div., 1725 Diversey Blvd., 
Chicago 14. 


Circle 819 on Inquiry Card 


PUNCHED-CARD READER 


Bulletin DPS-A43, one sheet, describes 
Model CR-201 reader for IBM or 
similar cards. Operating speed, 30 
cards per min. Cards may be perfor- 
ated in binary or alpha-numeric codes. 
Datex Corp., 1307 S. Myrtle Ave., 
Monrovia, Cal. 

Circle 820 on Inquiry Card 


INSULATOR, CONNECTOR CATALOG 
Form AD-169 (7-60) 20M, 23 pages, con- 


tains sections on: mechanical, electri- 
cal characteristics of materials; metal- 
base, hermetically-sealed feed-thru, 
compression-mounted and lead insu- 
lators; connectors; test points; sockets; 
copper-clad Teflon for printed circuits; 
and grommets and spaghetti tubing. 
Garlock, Inc., Camden 1, N. J. 

Circle 821 on Inquiry Card 


MINIATURE AMPLIFIER 


One-sheet Bulletin 42-870 describes 
TA-12-B, four-stage audio amplifier 
measuring 0.531 in. diam x 0.228 in., 
with 73 db gain at 1 ke. Frequency 
response, +5 db from 300 to 20,000 
cps. Power, 1.34-volt mercury cell. 
Centralab Div., Globe Union Inc., 900 
E. Keefe Ave., Milwaukee 1. 

Circle 822 on Inquiry Card 


MICROWAVE OSCILLATOR 


Applications Bulletin of Series 814A 
laboratory oscillators, two pages, de- 
scribes tests which revealed less than 
0.25 db drift over 12 hr of continuous 
use. Applications include parametric 
amplifiers, maser amplifiers and for 
critical attenuation or loss measure- 
ments. Oscillators cover S, C, X and K 
bands. Laboratory For Electronics, Inc., 
1079 Commonwealth Ave., Boston 15. 

Circle 823 on Inquiry Card 


HIGH-POWER TUBES 
Application Notes AN-190, eight pages, 
describes three 100-ma miniature tubes 
and their use in stereo amplifiers. In- 
cludes schematic diagrams, frequency- 
distortion curves and specifications of 
tubes. Radio Corp. of America, Elec- 
ton Tube Div., Harrison, N.J. 

Circle 824 on Inquiry Card 


ELECTROSTATIC PRINTING TUBE 


High-resolution B3C2 Printapix direct- 
writing cathode-ray-tube specification 
sheet describes device for high-speed 
generation of alpha-numeric characters. 
Conductive elements in face plate trans- 
fer electrons directly from electron 
beam to printing medium. Litton In- 
dustries, Electron Tube Div., 960 In- 
dustrial Rd., San Carlos, Calif. 

Circle 825 on Inquiry Card 


Why Die Stamped 
Circuits by 
Dytronics? 


ELECTRICAL 
PROPERTIES 
UNIMPAIRED 


Die stamped circuits are 
produced by a dry tech- 
nique which employs a 
heated metal-cutting die to 
delineate the conductor 
pattern and bond it to the 
base material by activating 
the adhesive be tween the 
metal foil and the insulat- 
ing material. 

The electrical properties 
of the base material are 
unimpaired, because no 
chemicals are and 
there is no adhesive 
residue or residual metal 
on the insulating surfaces. 
This gives the designer the 
advantage of selecting base 
materials for physical and 
electrical properties with- 
out considering chemical 
resistance. 

A new booklet, “Design- 
ing with Dytronics Die 
Stamped Circuits,” will 
help you evaluate and 
design with die stamped 
circuits. Write for your 
free copy today. 


al. 


used, 


MICS 


IRPORAT 


Diyjtre 


ROCHESTER 37, MICH. 


A subsidiary of Taylor Fibre Co. 
Norristown, Pa. 


Circle 184 on Inquiry Card 





Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELEcTRO-TECHNOLOGY as your 


source, 


CERAMIC MAGNETS 


Applied Magnetics, Volume 9, Number 
1, includes articles on loudspeaker mag- 
net design, memory cores and planes, 
and a design guide of preferred shapes 
for ceramic permanent magnets. Book- 
let of 15 pages is 6 x 9 in. Send letter- 
head request to Indiana General Corp., 
Valparaiso, Ind. 


PRECISION POTENTIOMETERS 
Twenty-eight-page catalog offers de- 
tailed specifications, outline drawings 
and general information on _potentio- 
meters from 1% to 5 in. diam. Write to 
Electronic Sales Div., DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long Is- 
land City 1, N. Y. 


DIGITAL MODULES 


National Bureau of Standards Techni- 
cal Note 68 describes “Transistorized 
Building Blocks for Data Instrumenta- 
tion.” Publication of 72 pages gives 
general system and package specifica- 
tions with photographs, characteristic 
curves, schematic diagrams and printed- 
circuit-board layouts. Modules include 
flip-flops, analog switch, inverters, gates, 
comparator, decoder, power driver, 
read and record circuit, pulse genera- 
tor, etc. Copies are $2.00 from Office 
of Technical Services, NBS, U. S. Dept. 
of Commerce, Washington 25, D. C. 


VHF TRANSISTORS 

/ pplication Guide 1CE-228 describes 
capabilities and use of silicon transis- 
tors for frequencies up to 300 mc. There 
are typical circuits and design equa- 
tions for 2N1491, 2N1492 and 2N1493. 
Copies are 50¢ from Commercial En- 
gineering, RCA Semiconductor and Ma- 
terials Div., Somerville, N. J. 


SWITCH CATALOG 


Described and illustrated in 48-page 
catalog are standard switches such as 
single-deck, shorting; single-deck, non- 
shorting; multiple-deck, shorting; mul- 
tiple-deck, non-shorting; as well as 
special switches such as miniature 
ceramic switches, pre-wired switch as- 
semblies, terminal-board switches, sole- 
noid-operated switches, adjustable-stop 


APRIL 1961 











NEW MULTIPLE ARRAY SWITCH 


FACTS! 


@ Reliable: life expectancy 500,000 operations 


@ Versatile: 8 pole single or 4 pole double throw per 
button—eliminates need for relays in many 
applications 


® Wiping: thorough action with noble metal alloy 
crossbar 


@® Pure contact resistance: .006 ohms nominal 


@ Modular: ANY number of buttons 
ANY number of arrays 


@ Miniaturized: behind panel dimensions: 11%2” x 34” 


5 amps at 24V DC, 


1 t120V A ; 
— c Typical Array 


Design simplicity and special modular construction of these TELEX switches 
allow more circuits than other units approximately the same size and weight. 
Each button is 8-pole single throw—normally opened or closed—or 4-pole double 
throw or any combination. Magnetic detent assures longer life. 

All or any buttons may be interlocked but the complicated multiplicity of 
parts required by conventional switches for latching and releasing and preventing 
multiple actuation has been eliminated. Also available in momentary make 
configurations. 

Exceptionally versatile, this switch may be used with printed circuits or 
plugged into standard wire harness to perform for test equipment, binary coding 
problems, digital coding problems and standard keyboard or countless other 
custom uses. Switch resistance is .070 ohms nominal. Insulation resistance 
@ 500V DC between adjacent switch contacts and open is 40,000 megohms. 
Choice of colored buttons and numerals and optional light indicators. Variations 
designed to meet individual specifications. 


More detailed specifications and information are available 
on request. Write to Sales Manager, 


TELEX 


SpeciAL Propucts Division « Telex Park, St. Paul 1, Minn., Dept. SP-202 


Superior communication accessories for every need— 
TELEX Communications Accessories Division 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 











CERAMIC 
INSULATION 
THIN 
SILICONE 
FILM 


neguanon MY 


CERAMIC SINGLE-SILICONE 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC SINGLE-TEFLON 


CERAMIC 

INSULATION 
SINGLE DOUBLE 
TEFLON TEFLON 
OVERLAY OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS 
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at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


ST 


THE MARK OF RELIABILITY 
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switches. progressive  shorting-type 
switches, high-speed switches, commu- 
tator-type switches, hermetically-sealed 
switches and spring-return switches. 
For a free copy, write Daven Co., Liv- 
ingston, N. J. 


R-F, SWITCHING TRANSISTORS 

Twelve-page File 61-2 contains circuit 
diagrams and curves illustrating appli- 
cations of silicon epitaxial transistors 
2N743 and 2N744. Circuits are gates, 
flip-flops, also 30-mc, 60-me and 70-mc 
amplifiers. Send letterhead request to 
Semiconductor Components Div., Texas 
Instruments Inc., Box 5012, Dallas 22. 


DIGITAL DELAY GENERATOR 

Application Note 48, six pages, dis- 
cusses applications of Model 218A digi- 
tal delay generator. Plug-in units en- 
abling use as a general-purpose labo- 


ratory pulse generator are described. 
Copies may be obtained by writing 


Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto, Calif. 


ELECTRONIC TIMEPIECE 


Forty-page technical manual gives de- 
scription of the electronic and electro- 
mechanical principles employed in the 
Accutron. Servicing and assembly pro- 
cedures are presented, as well as a de- 
tailed description of circuitry and com- 
ponents, electromechanical tuning-fork 
arrangement, and the “indexing” mech- 
anism that converts tuning-fork vibra- 
tions to rotary motions for moving 
hands of timepiece. Requests should be 
sent to Bulova Watch Co., Inc., Bulova 
Park, Flushing 70, N. Y. 


O-RING INSTALLATION CHART 

Slide-rule chart covers ring diameters 
from 14 in. to 50 in. and includes 
specifications for plain, plated and 
coated rings. By setting slide rule at 
desired nominal OD for any standard 
ring, installation 
determined. 


proper dimensions 
For non-standard 
rings, chart also gives complete data 
on how to calculate the correct installa- 
tion Charts are available 
by writing on company letterhead to 
Advanced Products Co., 59 Broadway, 


North Haven, Conn. 


may he 


dimensions. 


VARIABLE-INDUCTANCE COILS 


Twenty-page design 
ally illustrates 


catalog graphic- 
electrical parameters 
under various conditions for variable 
inductance coils. Charts and data in- 
formation assist design engineer to de- 
termine parameters of a_ specific 
inductance under given conditions. 
Charts also predict electrical param- 
eters if form size, wire size, winding 
construction, etc., are varied from set 
Send letterhead request 
to Delevan Electronics Corp., 77 Olean 


Rd., East Aurora, N. Y. 


conditions. 


ELECTRO-TECHNOLOGY 





new SOLA 


transistorized 


d-c supply... 
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reliably regulates d-c voltage — 
right down to the last “ripple”! 


 eiiiuiikceeetaaemcnceiamatie 
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New highly sensitive SOLA ‘‘CVQ’’ provides trans- 
istor-regulated d-c output ideal for computers and other 
voltage-sensitive equipment. Response to voltage 
change is so rapid the CVQ even attenuates 120-cycle 
ripple! Yet, with it all, this new d-c supply introduces 
a revolutionary circuit simplicity — providing signifi- 
cant savings in sizes . . . more watts per dollar! 


CVQ combines exclusive transistorized shunt regula- 
tion with SOLA’s inherently self-protecting, static- 
magnetic transformer . . . easily meets the most taxing 
demands of dynamic loading. Voltage holds in spite 
of widely fluctuating loads. The result is longer equip- 
ment life, more trouble-free operation. Contact our 
area representative for complete specifications and 
prices. Or write today for literature on CVQ. 


APRIL 1961 


Standard models available at 5, 6, 10 and 12 volts 
d-c (100-130/181-235/200-260 volt input). 

Output regulated within +0.04% for line voltage 
variations +15%; 0.2% static-load regulation, 0 to 
full load. 

Excellent transient response. 


Inherent protection against output over-voltage safe- 
guards both supply components and external circuitry. 


Short-circuit proof design. 
Compact mechanical layout — only 1214 x 514 x 19” 


SOLA 


Division of 
Basic Products Corp. 


SOLA ELECTRIC CO. 
Busse Road at Lunt, 

Elk Grove Village, III. 
HEmpstead 9-2800. 

IN CANADA, Sola-Basic 
Products Ltd., 377 Evans 
Ave., Toronto 18, Ontario 
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New COMPONENTS and MATERIALS 





A staff compilation of the latest developments . 
in electrically operated end products . . 


tions and available application data. 


THERMOELECTRIC-POWER 
PACKAGE 


“Seejen” element produces electricity 
directly from heat. Any number can be 


connected in series or parallel to create 


compact generators. Unit is 6 x 14% x 
32 in. and weighs 11% oz. Resistance. 
100 ohms. Voltage at 200-F differential. 
1 volt. Power output, 2.5 mw. Current 
into 100 ohms is 5 ma. Harco Labora- 
tories, Inc., New Haven, Conn. 


Circle 501 on Inquiry Card 


DIFFUSED-JUNCTION 
RECTIFIERS 

Silicon rectifiers, designated types 
X10B1 through X10B6 provide forward 
current of 1.3 amp over piv range from 
100 to 600 volts. Forward voltage drop 
is 1.10 volts max at 25 C, and surge 





current of 40 amp max. Operating tem- 
perature range is from 65 to +175 
C. Units feature hermitically sealed, 
welded construction. International Rec- 
tifier Corp., 1521 E. Grand Ave., El 
Segundo, Calif. 

Circle 502 on Inquiry Card 


LOW-LOSS ELECTRICAL- 
GRADE POLYETHYLENE 


3akelite DFDA-0173 Natural, for insu- 
lation of cable, has controlled composi- 
tion, electrical characteristics and other 
pertinent properties. Density, 0.923. 
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Tensile strength, 2400 psi. Yield 
strength, 1600 psi. Ultimate elonga- 
tion, 600 per cent. Brittle temp, no 
failures at —45 C. Melt index, less 
than 0.1 C/min. Dissipation factor at 
23 C and 10° to 10° eps, 0.00012. Di- 
electric constant under same conditions, 
2.283. Union Carbide Plastics Co., 270 
Park Ave.. New York 17. 
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POWER TRANSISTOR 


TO-36 size transistor 2N174 provides 
150 watts power dissipation. Unit is 
rated for 80 volts, 15 amp. Thermal 





resistance is 0.5 C per watt max, junc- 
tion temperature rated at 100 C. Tran- 
sistor meets requirements of military 
specifications. Motorola Semiconductor 
Products, Inc., 5005 E. McDowell Rd.. 
Phoenix, Ariz. 

Circle 504 on Inquiry Card 


D-C AMPLIFIER 


Chopper-stabilized amplifier has output 
of —100 volts with 10 k ohm load; out- 
put is 75 ma. Unit output may be short- 





. 


circuited without damage. High-gain 
(125.000) over 5-500 cps makes unit 
suitable for analog computer and con- 
trol system applications. American 
Brake Shoe Co., 2339 Cotner Ave., Los 
Angeles 64. 
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. screened for design-in use 


complete with all released specifica- 


THERMOELECTRIC 

COOLING MODULES 

Series F solid-state “Frigistors” contain 
up to 32 thermocouples, have a heat 
pumping capacity of 1 watt per thermo- 
couple. No-load temperature difference 


, 


of 80 C obtainable with hot junction at 
27 C. Current required is approx 10 
amp with a 0.1- to 0.3-volt potential 
thermocouple. 
Thermoelectric Corp., Princeton, N. J. 


Circle 506 on Inquiry Card 
SINE-WAVE OSCILLATOR 


Model G58 subminiature oscillator pro- 
vides frequencies of 30, 60, 100 or 400 
cps. Frequency stability is +2 per cent 


mt cite 


Eu 


>) 
Vv 


across each General 





max, distortion is 3 per cent. Output 
amplitude, 3 volts rms min; output stab- 
ility is +10 per cent. Operating temper- 
ature, —25 to +75 C. Dimensions, 
1 x 1 x 2 in. for 30-cps unit. Alto 
Scientific Co., Inc., 855 Commercial St., 
Palo Alto, Calif. 

Circle 507 on Inquiry Card 


MINIATURE THERMOCOUPLES 


Series HT thermocouples permit ac- 
curate temperature-measurement instru- 
mentation for use in cryogenic environ- 
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TWO-BEARING DESIGN makes THESE 
EMERSON ELECTRIC MOTORS 


Ideal for Refrigeration 
fan applications 


Here’s a two-bearing motor uniquely suited for refrig- 
eration fan applications. It operates in any position 
.. with a minimum of bearing load, vibration and 
friction. It starts easily at low temperatures because of 
EMERSON ELECTRIC’S self-oiling, self-aligning 
bearings that act as soft metal sponges and remove oil 
from the shaft journal as the motor cools. It lubricates 
without felt wick or shaft groove and requires less oil. 
The self-aligning feature completely eliminates tight 
shaft problems. EMERSON ELECTRIC will custom- 
engineer motors to meet your specific needs. Call us 
today... you'll like our way of doing business! 


EMERSON ELECTRIC of St.Louis +«.Since 1890 


DEPT M23, B100 FLORISSANT 0 ST.LOUIS 396,MO.* CO 11-1800 
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commercially-produced 


Logarithmic 
Diodes 


The forward conductance of this 
silicon diode shows a linear volt- 
age drop to a logarithmic in- 
crease in current over a range of 
up to eight decades — making 
this new device a versatile new 
component for electronic cir- 
cuitry where current levels have 
to be controlled, registered, 
measured, and voltage sensed. 


Write for catalog sheets 
and quotations. 


CONTROLS COMPANY 


 e- OF AMERICA 


ELECTRON 
DIVISION 


811 West Broadway Road 
P.O. Box 957 Tempe, Arizona 


Designers and producers of customized 
solid state semiconductor devices 
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ments to 3000 F. Applications include 
rocket-fuel temperature measurement, 
missile-skin temperature measurement, 
and gas chromatography. Probe diam 
is 0.014 in. available in several sheath 
materials and lengths. Response time 
is 13 millisec. Baldwin-Lima-Hamilton 
Corp., 42 Fourth Ave., Waltham 54, 
Mass. 

Circle 508 on Inquiry Card 


SOLID-STATE 


DECADE COUNTER 


Model BEC-10 counter is compatible 
with in-line display units; will count 
pulse rates to 20,000 pulses per sec. 





Twelve connections are required be- 
tween plug-in decade and in-line dis- 
visual readout unit. Collector 
outputs for gating purposes allow ex- 
ternal selection of decimal time with 
two-input gating. Binary Electronics 
Co., 824 E. Walnut Ave., Fullerton, 
Calif. 


play 


Circle 509 on Inquiry Card 


SMALL GEARED DIAL 


“Mini-Dial” MDI-.250 features a 36:1 
ratio between setting knob and output 


shaft. May be inserted on any shaft 





which projects from a panel. Built-in 
slip clutch prevents damage to devices 
with limited motion. Choice of scales: 
0 to 100 or 0 to 360 deg. Face size, 
3%6 in. square. Accuracy, 0.2 deg. 
Theta Instrument Corp., 520 Victor St., 
Saddle Brook, N. J. 

Circle 510 on Inquiry Card 


EPOXY PASTE ADHESIVE 


“Epon 901,” a solvent-free epoxy, can 
be cured with four curing agents to pro- 
vide a wide range of properties. Cured 


adhesives have tensile strengths to 3800 
psi, are resistant to salt spray and 
water. Materials meet requirements of 
MIL-A-8431 Type I, Class B. Shell 
Chemical Co., P. O. Box 831, Pittsburg, 
Calif. 

Circle 511 on Inquiry Card 


REVERSING MOTORS 


Series of integral hp motors, open drip- 
proof or totally enclosed, are for pro- 
duction machine tool applications. Units 





offer 125 to 200 idle reversals per min 
in blower-cooled designs. Features Class 
A insulation with Classes B and H 
available for high-reversing capacity 
motors. Louis Allis Co., 427 E. Stewart 
St., Milwaukee 1, Wis. 

Circle 512 on Inquiry Card 


MAGNET WIRE 


Type ML wire, film coated with du 
Pont ML Polymer, is rated for Class H 
temperature service (180 C or higher). 
Tests show life of over 10,000 hr at 
240 C. Cut-through resistance, over 
400 C. Complete resistance to synthetic 
transformer and mineral oils. Electric 
strength, 3400 vpm dry, 1900 vpm wet. 
Tensolite Insulated Wire Co., W. Main 
St., Tarrytown, N. Y. 

Circle 513 on Inquiry Card 


LIFE-INDICATING 
THYRATRON TUBES 


Thyratron and diode tubes predict fail- 
ure 300 hr in advance by changing in 
color from blue to neon red. Tubes 
available for 2.5 and 6.4 amp; pin or 
lug base. Units suitable for use on 
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Value is what we’re talking about. There isn’t a soul alive who would _ Plating Solutions Silver on Steel Bearings 
knowingly throw away a gold or silver or platinum watch case or pin Precipitates, Sludges and _Silver Steel Turnings 
or eyeglass frame. Because they’re worth money. This sense of value is _ Sediments Grindings 
responsible for a considerable part of Handy & Harman’s Refining ¢pateq Copper Wire & Racks Blanking Scrap, Stampings, Strip 
activity. Constantly, we are sent precious metal scrap from retail jewel- Filter Pads Wire ‘ near 
ers all over the country. (Yes, often in shoe boxes.) : 

Anode Ends Powder Mixtures 


Tank Scrapings Screen Scrap 

Electrolytic Silver Solder Scrap 

Hypo Solutions Brazing Alloy Scrap 

X-Ray Film Contact Alloy Scrap 

Coated Plastics, Ceramics, Silver on Steel, Tungsten, Moly Scrap 
Glass, Mica, Quartz, etc. — Bi-Metal Scrap 


And just as constantly we wish that industry had the same sense of 
value when it comes to their precious metal “waste.” Just because it 
doesn’t look like anything doesn’t mean that it isn’t worth something. 


To show you where profits lurk, we’ve included a list showing the 
various forms of precious metal waste. 


It is by no means complete (it is possible that you have other forms). 
May we suggest that—should you be in doubt—you contact the Handy ; ; ‘ : 
& Harman Refining Center nearest you. Further, if you are not indoubt hemicals : Silver Paint Waste, Wipe Rags, Paper 
about your waste bearing precious metals, but you are (or have been) Mirror Solutions — Silver Cans ; ; 
in doubt as to its full value, it will profit you to send it to us. Our Bul- Nitrate Platinum-Bearing Material 
letin 24 describes our Refining Division in detail. A copy awaits you at —_Turnings, Chips, Shavings Gold on Moly, Tungsten, Wire 


Your No. I Source of Supply and Authority on Precious Metals 


HANDY & HARMAN 


General Offices: 850 Third Ave., New York 22, N.Y. 
BRIDGEPORT 1, CONNECTICUT LOS ANGELES (El Monte), CALIF. CANADA: Toronto 2B PROVIDENCE 3, R. I. CHICAGO 22, ILL. 
Clearwater 9-8321 | 330 N. Gibson Rd. | 141 John St. | 425 Richmond St. 1900 West Kinzie St. 
CUmberland 3-8181 EMpire 8-6171 JAckson 1-4100 SEely 3-1234 


APRIL 1961 Cirele 190 on Inquiry Card 201 








Approx. 1/2 4 
7 actual size 


DATA STRIP no. osv-7538-10 


Vertical 
No. 39-28-1475 Lamp Cartridges. 
Other configurations to order 


Shown actual size, left to right 
Lamp Cartridges—Nos. 39-6-1471, 
38-1531, 38-931 
7538... Datalite No. 249-7841-93] 
with built-in Neon Lamp and resistor. * 


we 
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Most Adaptable and Effective 


For COMPUTERS, DATA PROCESSING, 


AUTOMATION, 


and MINIATURIZATION 


DATALITES 


FOR USE AS SINGLE INDICATOR LIGHTS, OR GROUPED AS A 
DATA STRIP* ox DATA MATRIX® 


DATALITES by DIALCO are ultra-miniature Indicator Lights, made 
in 2 basic styles: Lampholders with DIALCO’s own replaceable 
Lamp Cartridges; or integrated DATALITES with Built-in Neon 
Mount in ¥” clearance hole.. 
T-1% Incandescent; also Neon NE-2E or NE-2H. 








Lamps* ... 


complete with ten 


Lampholder No 





PILOT LIGHTS 
“The Eyes of 
Your Equipment” 


Lamp | me Sets — 


Hl 


Write for Brochure L-160B. 


INSTRUMENTATION 





-LAMPS USED: 


Lamp- 
holder 





»9remost Manufacturer of Pilot Lights 


DIALIGHT 


CORPORATION 





44 STEWART AVENUE, BROOKLYN 37, N.Y. * HYacinth 7-7600 
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WISCONSIN PORCELAIN CO. c. the 
facilities to meet your production needs 
for ceramic parts...in any quantity 


FACILITIES. Whether you require a few 
hundred or several million ceramic parts— 
Wisconsin Porcelain has the right size and 
type of equipment, in an all-modern plant, 
equipped with the most modern tempera- 
ture controls to insure the utmost accuracy 
in holding dimensions 


AROUND - THE-CLOCK-OPERATION. Uninter- 
rupted operation of our plant—24 hours 
a day, 7 days a week, 52 weeks a year for 
over 40 years has helped establish a 
reputation for prompt service and on-time 
deliveries 


MODERN METHODS. Highly developed 
manufacturing processes make it possible 
to obtain a high degree of accuracy on 
porcelain, refractory, steatite and filter 
parts. Thus, ceramics from Wisconsin Por- 
celain fit easily and accurately into place- 
increasing your production efficiency. 


Send us a sample or blueprint and tell 
us your requirements. We will be glad to 
quote prices and delivery. 


WISCONSIN PORCELAIN CO. 
1S Market St., Sun Prairie, Wis 
In the Chicago Industrial Areca. 
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many makes of drives or processes us- 
ing thyratron and diode tubes. Reliance 
Electric & Engineering Co., 24701 
Euclid Ave., Cleveland, O. 


Circle 514 on Inquiry Card 


TRANSISTOR SPRING CLIPS 

Retaining clips 3B-714-1 and 3B-714-2, 
for socket-mounted TO-5 and TO-9 
transistors, provide positive 
retention on transistor 


series 
spring pressure 





case top. Locking tab on clip positions 
it and prevents twisting. Heights of 
136, and 7%4 in. available. Material is 
beryllium per QQ-C-533 with 
silver-plate finish. Clips can be 
with transistor radiator 
heat removal is required. 
Corp., 745 S. Monterey 
Monterey Park, Calif. 


Circle 515 on Inquiry Card 


PHOTOELECTRIC TAPE 
READER 

Model PTR-7 tape reader is compatible 
with tape widths of 46, 7%, and 1 in. 
Features speed selection of 10, 30, 75 


copper 
used 
devices where 
The Birtcher 

Pass Rd., 





and 100 ips. Unit will start-stop on 
every character to 100 characters per 
sec. Employs solid-state amplifiers, 
operates on 115 volts a-c, 60 cps. Unit 


is 514 in. high, suitable for rack mount- 
ing. Omnitronics, Inc., Subsidiary of 
Borg-Warner, 511 No. Broad St., Phila- 
delphia 23. 

Circle 516 on Inquiry Card 


DIGITAL COMPUTER 
MODULES 


Modules for computer applications have 
AND/oR and or/AND gate functions. 
Frequency response, to 10 me. 
Units weigh 7.6 gm, are 0.35 cu in. in 
size. Temperature range is from —55 
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SPECIFY 
Bae) a ae 
MOTORS 
FOR QUALITY, 
RUGGED 
DESIGN, 
LONG LIFE 


INDUSTRY STANDARD—3-1/4” Shaded P 


to 1/25 hp. For use on fans, Ce atin 


LEEcE-NEVILLE now offers you a complete line of shaded pole and 
permanent split capacitor motors—basic units adapted to your speci- 
fications, or special motors custom engineered to your requirements 
—with horsepower ratings from 1/150 to 1/2 hp. All L-N motors are 
capable of meeting U.L. and C.S.A. application tests. Leece-Neville 
has more than 50 years of experience manufacturing motors and other 
electrical equipment, and modern facilities assure not only top 
quality, but also delivery to your schedules and lead times. For full 
information, just mail the coupon at right. 
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Model No. 6C 


SINCE 1909 


The Leece-Neville Company, Dept. ET-4 
Georgia Division, Gainesville, Georgia 


Please forward details on your shaded 
pole and permanent split capacitor 
motors. 

Name 

Company 

Address 

City 


Type of product 











PRODUCT 


synchronous power source for 


Meme ELAPSED TIME 








INDICATORS 


HANSEN 


SY WCWWOLY 


TIMING MOTORS 


Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y 
H A a i E Ww Binghamton, N. Y. — Schenectady, N. Y. re 
ELECTRIC MOTOR ENGINEERING, INC a 
MANUFACTURING Los Angeles, Calif. — (Olive 1-3220) 
COMPANY, INC. Oakland, California fe) 
PIDISSE MCT IEC EME §=6WINSLOW ELECTRIC CO. Ww 
New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. — Cleveland, Ohio 
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Hansen SYNCHRON motors being assembled 
into Hobbs engine hour meters 








JOHN W. HOBBS CORPORATION, a leading manufacturer of running time 
meters, uses Hansen SYNCHRON Timing Motors to provide the power 
for efficient, dependable, long-lasting operation of such devices. The 
elapsed time indicators measure running time on such typical installations 
as machine tools, air compressors, motor generator sets, and other equip- 
ment run by alternating current. 


HANSEN SYNCHRON TIMING MOTORS exceeded the requirements set for the 
synchronous motor and integral gear train providing the accuracy of time 
so vital to the operation of Hobbs instruments — including accurate per- 
formance over a wide range of ambient temperatures to meet certain mil- 
itary requirements. Hansen SYNCHRON motors are furnished to Hobbs to 
meet voltage specifications that vary from 120 - 240-480 volts, at 25 - 50 
and 60 cycles. 


The application described demonstrates another way in which Hansen 
SYNCHRON motors serve as an integral part in product operation. You 
may be able to profit from such dependable performance applied to your 
timing application, now being planned or in production. SEND TODAY for 
informative folder detailing specifications and technical data on all Hansen 
SYNCHRON Timing Motors and Clock Movements. 


HANSEN REPRESENTATIVES: 


THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 


H. C. JOHNSON AGENCIES, INC. 
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to +55 C. Standard 7-pin base em- 
ployed for programming. Modules 
available in distinctive color coding. 
Cambridge Thermionic Corp., 445 Con- 
cord Ave., Cambridge, Mass. 


Circle 517 on Inquiry Cara 
MERCURY-WETTED RELAY 


HG series relays employs mercury- 
wetted contacts which are enclosed for 
environmental Operating 
voltages vary from 0.62 to 93 volts d-c; 


protect ion. 





a 


coil resistances vary from 18 to 4300 
ohms. Contacts rated at 5 amp max. 
Units are for  printed-circuit-board 
mounting. C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45. 
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MINIATURE SYNCHRO AND 
RESOLVER TRANSMITTERS 


Line of front-panel-mounting synchro 
and resolver transmitters allows posi- 





tioning with 34-deg accuracy and 14- 
deg resolution. Operates at 60 or 400 
cps with input voltages to 115 volts. 
Generates sine or cosine voltages for 
test operations. Angler 
Lexington Drive, Metuchen, N. J. 


Circle 519 on Inquiry Card 
MINIATURE GEAR TRAIN 


Two gear-train servo packages accom- 
modate 1000:1 and 


Industries, 3 


gear ratios to 
1000:1, also two Size 8 rotary com- 
ponents to suit application. Sizes of 
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: KY CW and 


important 


KHP SERIES SHOWN ACTUAL SIZE 


having rare longevity 


KHP SERIES SPECIFICATIONS 


CONTACTS: 
Arrangement: 4 Form C, 2 Form Z. 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 

But that’s far from all. This is a sma// relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 


\/16" HIGH NUMERALS -RAISED 005 APPROX 


ce 
i4_} ‘ 
a 
#3-48NC-2A 
THREAD 


wll 3 =| 


-- s 


Material: %)” dia. Silver standard. Silver cad- 
mium oxide and gold alloy availabie. 


Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations. 


COILS: 

Resistance: 11,000 ohms mox. 

Temperature: Operating Ambient: —45°C. to 
+70°C. 


Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C. 


TIMING VALUES: 

Nominal Voltage @ 25°C. Max. Values 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 megohms min. 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements. 

MECH. LIFE: In excess of 100 million cycles. 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 

DUST COVER: Standard. 

TERMINALS: Solder lug and taper tab. 


«< -~ 


KHP SERIES RELAY NOW AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN 


IN CANADA: 


MACHINE & FOUNDRY COMPANY -«¢ 


PRINCETON, INDIANA 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 











NEWS! API NOW HAS A CONTINUOUS READING METER- 
RELAY. No signal-sampling interrupters necessary. The 
CRMR indicates continuously, controls continuously, resets 
automatically. Built around an unrestrained D’Arsonval move- 
ment, it will monitor and control any variable translatable 
to analogous voltage or current values. Sensitive enough to 


operate on inputs as small as 5 millivolts or 10 microamps | 


full scale, it will accept low-level signals without amplifica- 
tion. Compact as a panel meter, it needs only a power supply 
and load relay (both of which API can furnish) to make a 
complete little control system. Or, you can build it into an 
equipment control network. Bulletin S-2-1 will give you 
details on operation, along with specifications and price 
information. A copy is yours for the asking. 


ee 


ap 


ASSEMBLY PRODUCTS, 
CHESTERLAND 14, OHIO 


INC. 








SA 2376 
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units are 1.00 x 1.81 in. and 1.28 x 1.90 
in., respectively. Precision gears are 
mounted between jig-bored gear plates; 
are completely enclosed. Clifton Preci- 
sion Products Co., Inc., 5050 State Rd., 
Drexel Hill, Pa. 
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SONIC DELAY LINES 


Magnetostrictive delay lines offer de- 
lays from 5 to 10,000 psec; frequencies 
from 0.5 to 2 mc. Types are variable, 





fixed and multi-tap in various case 
types. Computer Control Co., Inc., 983 
Concord St., Framingham, Mass. 

Circle 521 on Inquiry Card 


TRANSISTOR ENCLOSURE 
Glass transistor case permits hermetic 
seal without welding or soldering the 
closure. Diam of case is 0.150 in., 
me 


lagu 
rT’ Yr 


92 @0 


height is 0.060 in. after sealing. Sealing 
technique localizes heat, prevents dam- 
age to transistor elements. Corning 


Glass Works, Corning, N. Y. 
Circle 522 on Inquiry Card 


MINIATURE SOLENOIDS 

Series of solenoids for application in 
digital computers, printers and data- 
processing equipment meets require- 
ments of MIL-S-4040C. Min power rat- 
ing is 14 watt for voltages of 6, 12, 24, 






¢ 
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keep your signals clean with 
engineered magnetic shielding 


Keep stray magnetic fields out of your high gain 
input transformers and cathode ray tubes. Keep 
your signals free of noise, hum, cross-talk and 
distortion. You can do it only with engineered 
magnetic shielding. 


These high-permeability shields are made from ex- 
isting tools in a broad variety of single and multiple 
structures—cylinders, spheres, truncated cones 

for applications ranging from de into the audio 
range and higher. They can be used with almost 
all conventional transformer core and coil assem- 
blies to provide any degree of magnetic, electro- 
static or RF shiel:ng against undesired signals of 


all classes. Reduction of field strengths to 100 db 
and beyond is common. 


With Magnetic Metals shielding, both the electrical 
and mechanical engineering is already done for you. 
Simply let us know your requirements... We'll 
engineer the exact type of shielding you need. In 
selection of raw material, design, fabrication, an- 
nealing, testing and gaging, Magnetic Metals has 
amassed a great backlog of shielding experience. 
For a better understanding of shielding and help in 
specifying it, write for our informative booklet, 
“‘Magnetic Shielding of Transformers and Tubes.” 


MAGNETIC METALS COMPANY 
Hayes Avenue at 21st Street, Camden 1, N.J. 


853 Production Place, Newport Beach, California 
transformer laminations + motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 
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Performance Balance is the perfect mating of Merkle-Korff motor and 
gearing to your specific application. It prevents money waste and 
equipment damage through overpowering, and eliminates operating 
failures due to occasional low voltages and the many hidden hazards 
of underpowering. Either, or both, the result of “underknowledge”’ of 
the drive system by a gearmotor manufacturer. 

Merkle-Korff's total understanding based upon 50 years of experi- 
ence in supplying the right power unit for any given job is available to 
you. We will, and do, develop and manufacture gearmotors designed 
to your individual requirements, not only to perform satisfactorily, but 
to do so at lowest cost. Merkle-Korff service is unique in this respect. 

Performance Balance, therefore, is not just a play on words. It is 
your guarantee of on-the-job performance and dependability. Thou- 
sands of cases exist proving the worth of Performance Balancing. 


Literature is available. Better still, send us your drawings or product 
sample so our Applications Engineers can give you a complete evalua- 
tion of motor and entire drive system! There is no obligation. 


CMe ea ag 








36, 116 and 230 volts d-c. Smallest 
solenoid diam is %% in. Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 31. 
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TEMPERATURE TRANSDUCER 


Model Y-0218 transducer for use in 
temperature ranges from —320 to 
+280 F, measures skin temperatures, 
will act as temperature compensation 





element for constant signal readout. 
Time constant for 63.2 per cent of tem- 
perature span is less than 700 millisec; 
time response at 99 per cent for tem- 
perature increment is less than 5 sec. 
Withstands 100 g from 100 to 700 eps. 
Stainless steel case permits welding to 
relative component. Crescent Engineer- 
ing & Research Co., 5440 No. Peck Rd., 
El Monte, Calif. 
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SILICONE-RESIN 
ENCAPSULANT 
“Sylgard 182,” a flexible colorless en- 
capsulating compound, permits visual 


inspection of potted circuits and as- 


> 





semblies. Material cures at 150 C in 
15 min. Electric strength is 1000 volts 
per mil, dielectric constant is 2.87 at 
1000 cps. Pot life is 6 hr at 25 C, water 
absorption is 0.10 per cent after seven 
days. Dow Corning Corp., Midland, 
Mich. 
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TRIMMER POTENTIOMETER 


Series 5000, 25-turn potentiometer fea- 
tures welded construction of fixed con- 
nections and is sealed to protect against 
moisture. Rated at 1 watt to 70 C, the 
operating temperature range is —65 to 
+-150 C. In nine resistance values from 
100 ohms to 50 k ohms, tolerance is 
5 per cent. Can be mounted individu- 








211 NORTH MORGAN STREET - CHICAGO 7. ILLINOIS * MOnroe 6-1900 
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ally or in stacked assemblies; measures 


ELECTRO-TECHNOLOGY 





A clear, solventless liquid, General Electric 
clear LTV-602* cures at 75-80°C to form 
a resilient compound with excellent elec- 
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 


and other hazards. 
*Low Temperature Vulcanizing 


ps Ps oa 2 ee ee 
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General Electric clear LIV silicone compoune 


for potting and embedding 


Transparent, resilient, self-supporting and easy to repair 


LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis- 
cosity in the uncured state, 800-1500 centi- 
poise, LTV is ideal for potting and embedding 
of electronic assemblies. Unlike “gel-like” 
potting materials, LTV-602 cures to a flex- 
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C. 


LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature. 


Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de- 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at 175°C. Other tests confirm LTV’s 
resistance to moisture and water immersion. 


LTV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section K440, Waterford, New York. 
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NEW 


sub-fractional h.p. 


WORM DRIVE 


Ge GEAR MOTOR 


TYPE WGM | 


ee 
gree oe, 


s ‘ 
Z exceptionally 


QUIET 


a operation 
~ inte - 


~~ 


efficient / 
low cost \ 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, 2 to 300 rpm. Output torque up to 50 inch lbs. at % rpm. 
Precision worm drive. Output shafts, 3%", 4", 5%", %”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator; stain- 
less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 
¥, to 800 rpm.; torque up to 200 inch lbs. Special gear-reducers designed 
to your requirements at low cost. Send for details. 


Molon Motor & Coil Corp. 


3737 Industrial Avenue ¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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\. COSMO nylon bobbins 
You 


Save | 
on 


You economize when you select a Cosmo 
Nylon Bobbin to meet your requirements. A 
wide variety of sizes and shapes are avail- 
able from stock. 












BOBBIN... 
TOOLING... 
WINDING... 
plus OTHER 


Costs 


Rectangular 





Round 


rregular 


Cosmo Nylon Bobbins have been 

field-tested in transformers, 

, solenoids, relays and fractional 
horsepower motors. They can be supplied from 
stock or manufactured to your exact specifica- 
tions. End your search for new savings and 
quality by investigating Cosmo Nylon Bobbins. 





Square 


NEW 24 PAGE CATALOG 
complete specification on all parts and materials. 








pay os 
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0.500 x 0.190 x 0.55 in. Dale Elec- 
tronics, Inc., Columbus, Neb. 
Circle 526 on Inquiry Card 


CRIMP-TYPE CONTACT 


“Varilok” contact offers positive lock- 
ing of contacts when inserted into con- 
nector castings. Accepts wire sizes from 


bulk form 


18 to 30 


(Ve7 


AWG. In 


with 


. 





hand-tool for crimping or on reels for 
power-operated bench machine. Elco 
Corp., “M” St. below Erie Ave., Phila- 
delphia 24. 

Circle 527 on Inquiry Card 


MAGNETIC-CONTACT RELAY 


Model 1073 “Mag-Trak” relay combines 
load current and magnetic contact aid- 
ing to assure positive contact and lock- 
in. Permits relay adjustments to close 





tolerances and enables handling of low- 
voltage loads without circuit redesign. 
Daystrom, Inc., Weston Instruments 
Div., 614 Frelinghuysen Ave., Newark 
in: 3. 

Circle 528 on Inquiry Card 


TRIMMING POTENTIOMETER 


Model 0271 slide-wire resistor measures 
1.325 in. long x 0.250 in. diam. Power 
rating is 44 watt at 25 C. Resistance 
range, 3 to 17 ohms; temperature range, 
—55 to +155 C. Sealed against hu- 


ELECTRO-TECHNOLOGY 





DELCO POWER TRANSISTORS PROVED IN COMPUTERS 
by IBM, UNIVAC; BURROUGHS, NATIONAL CASH REGISTER 


Since Delco Radio produced its first power transistors over five years ago, no transistors have undergone a more 


intensive testing program to assure reliability—which accounts for their popular acceptance in hundreds of industrial 


and military uses. Before leaving our laboratories, Delco transistors must pass numerous electrical and environ- 


mental tests both before and after aging. This double testing, combined with five years of manufacturing refine- 


ments, enables us to mass produce any type of power transistors with consistent uniformity. And we can supply 


them to you quickly in any quantity at a low price. For complete information or technical assistance on our versatile 
application-proved family of transistors, just write or call our nearest sales office or distributor. 


Union, New Jersey 
324 Chestnut Street 
MUrdock 7-3770 


Santa Monica, California 
726 Santa Monica Blvd. 
UPton 0-8807 
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[DELCO 
FRADIO 


Chicago, Illinois 
5750 West 51st Street 
POrtsmouth 7-3500 


Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 


Division of 
General Motors 
Kokomo, Indiana 
ABiUT Y 
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for rugged reliability 


in power rheostats 


insist on Mallory 





We’ve got a full line of standard units—from 
25 to 500 watts. Built for shock and vibration 
resistance. Unique, hinged contact arm is 
spring-loaded to maintain correct contact 
pressure .. . no contact loss from vibration, 
shock or overload heat. Conservative ratings, 
cool operation. And we'll design specials, too— 
any taper, mounting arrangement, multiples. 
Also a complete line of vitreous enamel wire- 
wound resistors — fixed, adjustable, tapped. 
Mallory Controls Company, Frankfort, Indiana. 





P_R.MALLORY @ CO. Inc. 


ALLOR 








wire-wound vitreous carbon rotary plugs 
controls resistors controls switches & jacks 
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midity per MIL-E-5272; terminals or 
solder lugs or flexible leads. Con-Elco 
Div. of Edcliff Instruments, 1711 So. 
Mountain Ave., Monrovia, Calif. 

Circle 529 on Inquiry Card 


HIGH-SPEED TAPE READER 

Model 350 punched paper-tape reader 
handles 5-, 7- or 8-level tape at 350 
characters per sec. Unit can be pro- 





grammed to operate start/stop a char- 
acter at a time. Reader employs solid- 
state components; supplied with or 
without reading circuitry. Measures 
9 x 11% x 10 in. Control Data Corp., 
501 Park Ave., Minneapolis 15, Minn. 

Circle 530 on Inquiry Card 


HEAVY-DUTY LIMIT SWITCH 
Limit switch operates in either direc- 
tion, is DPST with one pole NO, one 
pole NC. Switch element rated 15 amp, 
125 volts. External arm adjustable to 





30 positions. Case and cover are cast 
aluminum, gasketed for moisture-proof 
installation. Measures 54% x 2'%46 x 2% 
in. Edon Industrial Products, 4412 
Fernlee, Royal Oak, Mich. 

Circle 531 on Inquiry Card 


TUBULAR CAPACITORS 


Series of aluminum-foil and Mylar-film 
capacitors are available in 100, 200, 
300, 400 and 600-volt ratings. Capaci- 
tance values vary from 0.015 to 0.100 
pf. Sizes range from 0.188 in. diam x 
0.75 in. long to 0.562 in. diam x 1.34 

(Continued on page 215) 
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Zero burnout time 

and minimum ‘‘haloing’’ 

are combined in CDF’s new grade 614 
glass fabric epoxy laminate at no 

increase in price over conventional NEMA 
G-10 grades. Available plain or copper-clad, 
614 is a cold punch material that is also 
superior in flame retardancy, has excellent 
trichloroethylene vapor resistance and 

low moisture absorption. The grade is 


distinguished by its opacity and its tan color. 


Result: Another example of CDF 
leadership in meeting critical military and 
industrial applications while effecting 


important customer savings! 


Typical properties of 614 (1/16" thickness): 
Burnout Time, sec. . Pg : 
Water Absorption ROAd 
Flexural strength, psi, Iw 75,000 
(Copper-ciad 614 meets MIL-P-13949B, Type GF 
Plain meets NEMA G-10; approval pending for 


MIL-P-18177B, Type GEE. Also pending under 
NEMA proposed FR-4) 


CONTINENTAL-DIAMOND FIBRE 


® 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE * A-SUBSIDIARY OF THE fae COMPANY 
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A Completely New, Advanced Design 


Bruel& Kjaer 


TRUE RMS LEVEL RECORDER 
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@ Records all signals DC to 200 kc/s 
@ Accuracy with True RMS readout 
@ True RMS Dynamic Range of 75 db . 
@ A Nucleus for Integrated Test Systems 





This is a basic instrument for measuring and recording the 
True RMS, average or peak level of AC signals ranging in 
frequency from 10 c/s to 200,000 c/s and DC to 10 c/s 
signals through an internal chopper. 


Typical fields in which the Level Recorder finds broad appli- 
cation are calibration or frequency response of transducers 
and electronic devices, spectrograms for noise or vibration, 
and reverberation decay curves. 


The Level Recorder design concept serves as the heart of the 
Write for Complete Information « NOW! Bruel & Kjaer line of integrated instruments. Smooth running test 
; procedures requiring a minimum of operator attention can be 





SN 4 set up by utilizing the recorder’s automatic or remote controls 
| Please send me | and the synchronized tuning drive for companion instruments. 
| B & K Brochure on Model 2305 | 
| B & K Complete Line Catalog | 
| Name 
| | 

Company 
i | B & K INSTRUMENTS, Inc. 

ress. 

' ! 3022 W. 106th STREET + CLEVELAND 11, OHIO - CLearwater 1-8430 
fierce | 
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ECONOMICAL PROTECTIVE 
COATINGS FOR BRASS, 
ZINC, CADMIUM, COPPER, 
ALUMINUM 


The Chemical Corporation 
offers a complete line of 
uniform-controlled chromate 
conversion coatings that pro- 
vide maximum protection in 
one, low-cost, simple opera- 
tion. Available for immediate 
delivery as liquid or powder. 


Always Specify Luster-on — 


FOR BRILLIANT CORROSION- 
RESISTANT FINISHES. . 


rivaling chrome for many appli- 
cations where cost is a factor. 
Long-lasting, easily controlled 
application. 


FOR CLEAR, BRIGHT and 
IRIDESCENT COATINGS... 


gives striking, attractive appear- 
ance with complete corrosion- 
protection ...even when humidity 
and handling are involved during 
processing. Also yellow iridescent 
and olive drab for concealed parts 
or as a paint bond. 


FOR DECORATIVE COLOR... 
on low-cost zinc. Brilliant golds, 
yellows, blues, greens, violets, 
reds, brass and copper hues. 


FOR ALUMINUM... 

where surface hardness is not of 
prime importance. Excellent fin- 
ish for paint bonding. 


FOR LASTING BRIGHTNESS... 


on both copper and brass without 
noxious fuming. 


FOR DIE-CASTINGS... 


one quick dip provides uniform 
finish, ideal as a base for painting. 


We'd like to show you what 
Luster-on can offer you! Send in 
sample part today for free proc- 
essing. Data sheets on request. 


Luster-on ... the first and still 
the finest in conversion coatings. 


uy mp 
Gi CCIE n 
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63 Waltham Ave., Springfield 9, Mass. 
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in. long. Standard tolerance is +10 

per cent. Faradyne Electronics Corp., 

471 Cortlandt St., Belleville, N. Y. 
Circle 532 on Inquiry Card 


EXPLOSION-PROOF SWITCH 


Limit switch, Model M-HL, provides 
one pole NO, 1 pole NC, isolated double 
break. Switch has trip differential of 


a aS 


6 deg, repetitive accuracy of +0.1 deg. 
Housed in heavy-duty non-sparkling 
aluminum casting with metal to metal 
seal. For 600 volts, a-c, d-c. R. B. 
Denison Mfg. Co., Bedford, Ohio. 

Circle 533 on Inquiry Card 


PERFORATED-TAPE READER 
Models TP401 and TP402_ rack- 


mounted readers accommodate 80 bits 
of automatic-programming information 
at 6 tests per sec, will locate test pro- 
gram at 12 ips. Resettable frame coun- 


ter indicates frame advances from 
starting point. Tape can be advanced 
one frame at a time upon command 
from SPST switch. Electronic Engi- 
neering Co., 1601 E. Chestnut Ave., 
Santa Ana, Calif. 

Circle 534 on Inquiry Card 


GLASS-BONDED-MICA 
COIL FORMS 


Custom-molded mica coil forms provide 
excellent characteristics for induction 
coils, relays, solenoids and _ resistors. 
Loss factor, less than 0.016 at 1 mc; 





DORMEYER 


\ On] We 13145) 


“AMERICA’S 
FINEST SOLENOID 
LINE’’ 


here it is—completely new— 
completely redesigned—the 


DORMEYER 
SUPER-T-LINE 


Check these new and improved features 


@ Heavier, Sturdier 
Mounting Brackets 

e Extra Heavy, 
Well Supported Plunger 

@ High Seating Pull without 
excessive AC Hum 

© High Dielectric Bakelite Bobbin 

@ Stainless Steel, Non-Rusting, 
Anti-Residual Spring 

e@ Larger Contact Area between 
Co-acting Members for 
Longer Life 

e Stronger, Heavy Gauge, Pull-Bar 

® Moisture Resistant Coil 

@ Moisture Proofed or Epoxy 
Resin Encapsulated Coils 
available for High 
Humidity Conditions 

e a ag provides for Maximum 
Work without Power Drop-Off 

= 


More rugged, with greater 
designed-in and built-in depend- 
ability, the new 

Super-T deserves to 

be called “‘America’s 

Finest Solenoid Line”’. 

Write for Catalog 

today! 


DORMEYER INDUSTRIES 


Also a af Special Coils 
and Transformers 


3424 Milwaukee Avenue © Chicago 41, Illinois 
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SERIES 5139 
PRONG-LOCK® 


SERIES S144 
REINFORCED £ RING 





Truarc Rings cut assembly time 60% 


This production advantage was achieved by Swingline, Inc., with two Truarc retaining 
rings: 5139 Prong-lock ring and Series 5144 Reinforced E-Ring. They also 
saved $25 per thousand units and improved the product design by providing resilient 
end-play take-up . . . eliminating looseness or binding in the parts. Truare dispensers — 
loaded with pre-stacked ROL-PAK® cartridges—make ring application simple, fast and 
economical. 


a Series 


Truare Rings come in 50 functionally different types . . 
sizes within a type. . 


. as many as 97 different 
. 6 metal specifications and 13 finishes. Write for Catalog 10-58 
which shows many specific examples of ring applications. For immediate action, call 
your nearest Factory Representative or Authorized Truarc Distributor. He’s in your 
Classified Telephone Directory under: ‘‘Rings, Retaining.” 


‘ts 


WALDES _\: TRUARC 
= 


1.2 


RETAINING RINGS | 


WALDES KOHINOOR, INC., 47-16 Austel Place, Long Isiand City 1, N.Y. 


9 OUT OF 10 PRODUCTS CAN BE IMPROVED WITH TRUARC RETAINING RINGS | 
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electric strength, 350 volts per mil. 
Material conforms to MIL-I-10A L442, 
will not absorb moisture. Electronic 
Mechanics, Inc., 101 Clifton Blvd.., 
Clifton, N. J. 

Circle 535 on Inquiry Card 


SOLID-STATE D-C AMPLIFIER 


Model 579.35 amplifier has 100-watt 
output, is hermetically sealed in 21% x 


36 x 2% in. can. Amplifier null and 





gain are independent of temperature. 
Output current is proportional in mag- 
nitude and polarity to input signal. 
For use with permanent-magnet torque 
motors. Inland Motor Corp., Northamp- 
ton, Mass. 

Circle 536 on Inquiry Card 


CADMIUM CONVERSION 
PROCESS 


“Chem-Rite C-55” is a_ single-dip 
chromate conversion process for pro- 
tecting cadmium surfaces. Process en- 
hances brightness of cadmium deposit, 
produces a clear chromate surface. 
Hansom- Van Winkle-Munning Co., 
Church St., Matawan, N. J. 


Circle 537 on Inquiry Card 


SOLID-STATE 
PRESSURE TRANSDUCER 


Series of miniature piezoresistive trans- 
ducers have ranges of 0 to 25, 100 and 
500 psig with a sensitivity of 40 mv per 
volt. Temperature range is from —65 


(Continued on page 221) 
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Bobbins made of Plaskon Nylon 6 reinforced with glass 
fiber (shown above with thimble for size comparison) 
contribute to a better exciter generator, reports Electric 
Machinery Mfg. Co. of Minneapolis, Minn. The manufac- 
turer says: ‘‘The molded bobbins are a durable and eco- 
nomical means of providing the field winding in one unit 
for insertion on the pole.”’ 

Glass fiber reinforced Nylon 6 has greatly improved 
dimensional stability, excellent moisture resistance and 
extremely high heat resistance — permitting intermittent 
use above 400 degrees F. Tensile strength is high (30,000 
psi), as is resistance to distortion caused by winding. 


PLASTICS DIVISION 


The molding compound used in this bobbin, Nylafil G3, 
consists of Plaskon Nylon formulated with glass filler in a 
rigidly controlled process by Fiberfil, Inc., Warsaw, Ind. 


PLASKON NYLON 6 OFFERS: 
toughness 

rigidity 

light weight 

lower shrinkage 

greater impact strength 


easier colorability 

moisture resistance 
abrasion resistance 
corrosion resistance 

heat resistance 

lower molding temperatures 


Take advantage of these hard-working properties for 
your product—specifv Plaskon Nylon. Write now for tech- 
nical data on Plaskon ‘Nylon and Nylafil G3. 


Cue 


40 Rector Street, New York 6, N. Y. 
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Efficient both electrically and economically, this Plaskon 
Wood-Flour Filled Urea circuit breaker case delivers 
superior arc resistance . . . 80-100 seconds (ASTM). The 
maker states that its dielectric and insulating properties 
have proven satisfactory in this circuit breaker case, as 
well as other cases in his line. 


Allied Chemical Corporation developed this material spe- 
cifically for high-speed automatic molding of electrical 
parts; Plaskon Wood-Flour Filled Urea is now thoroughly 










proven in the field. It matches or exceeds the more ex- 
pensive alpha-cellulose urea in all properties except 
translucency and color range. Available in NEMA brown 
or standard black. 

Other important properties of Plaskon Wood-Flour Filled 
Urea: Superior color-fastness ¢ Impervious to household 
solvents @ Non-electrostatic surface. 

You may well profit by switching to Plaskon Wood-Filled 
Urea... write us for more information and for samples. 


Lighting grids like this made of Plaskon Fire-Resistant 
Urea UFR-28 stand up well to flame! 

Where the UL fire tunnel test may cause other white and 
pastel materials to blister, drip or contribute readily to 
flame spread, this grid has a low UL flame spread rating 
of 25... considered ‘‘Non-Combustible”’ in general prac- 
tice! In addition, its ASTM rating is ‘‘Non-Burning.”’ 
Called ‘‘N. C. Gratelite’’ by maker Edwin F. Guth Co., 
St. Louis 3, Mo., this new grid eliminates static electricity 
charges, too .. . doesn’t attract dust. 


PLASTICS DIVISION 


Other important properties of Plaskon Fire-Resistant Urea 
UFR-28 . . . high dielectric strength; rigid enough to sup- 
port itself; hard surface resists scratching and abrasion 
and facilitates cleanup; colors are spectro-photometri- 
cally controlled for precise lighting values. 


Look to Allied for Urea Molding Compounds when you need 
good fire resistant and electrical properties, rigidity, 
strength, wide color range, or combinations of these. 
Plaskon materials and know-how to help solve your prob- 
lems are freely available. We'd like to hear from you. 


| 
| 
| 


40 Rector Street, New York 6, N. Y. | 
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Plaskon’\ ALKYDS PROVIDE HIGHEST ARC RESISTANCE 





| 
; 
' 
| 


The base of this rectifier tube is made of Plaskon Alkyd 250 C (482°F) has no adverse effect on the Plaskon 
Molding Compound. The tube’s maker, Chatham Electron Alkyd base. 
ics, Division of Tung Sol Electric, Inc., states that . . . 4. The fast cure rate, dimensional stability and uniform | 
1. Plaskon Alkyds provide high arc and insulation re ity of Plaskon Alkyd permit high-speed, high-precision 

sistance. A three kilovolt potential between base pins parts production. 

presented no problem. Plaskon Alkyd Molding Compounds are available in three 


2. The high mechanical shock resistance of Plaskon ee — sister eeegronidiny so aaguooeh eet it | 
Alkyd helps this tube to withstand 900 G's, as required ere serene ee a ee 
by military specification cellent mechanical and electrical properties; putty types . 

for encapsulation. For more about Plaskon Alkyd Molding | 
’ 


3. In this application, a maximum bulb temperature of Compounds, write or call our Alkyd sales department. 


PLASTICS DIVISION 
40 Rector Street, New York 6, N. Y. 
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to +350 F. Natural frequency, greater 
than 4000 cps; dynamic frequency re- 
sponse, 0 to 1000 cps. Vibration sensi- 
tivity, less than 0.008 mv per volt per g. 
Gulton Instrumentation Diy., 212 Dur- 
ham Ave., Metuchen, N. J. 


Circle 538 on Inquiry Card 
MYLAR-EPOXY CAPACITORS 


Type MCA capacitors, fully encap- 
sulated, are suitable for printed circuit 
and transistor applications. Typical 


0.01-uf unit measures 0.525 in. wide, 
0.225 in. thick. Operates from —55 to 
+100 C without derating. Insulation 
resistance is 75,000 megohms at 100 
volts d-c. Capacitance values range from 
0.01 to 0.33 ywf. Hopkins Engineering 
Co., 12900 Foothill Blvd., San Fernando 
Calif. 
Circle 539 on Inquiry Card 


OIL-TIGHT 
PUSHBUTTON ENCLOSURE 


Sloping-front pushbutton enclosures 
employ neoprene gaskets, are con- 
structed of 14-gage steel with welded 


seams. Conduit entrance can be made 


on any of feur sides or back. Units 
are dust- and oil-tight. Finished in 
grey hammertone enamel. Hoffman 
Engineering Corp.. Anoka, Minn. 

Circle 540 on Inquiry Card 


MINIATURE RELAYS 

Series of 4PDT relays operate on 6, 12 
or 24 volts. Operating temperature 
range, —65 to +125 C. Operating 


speed, 8 millisec; drop-out is less than 
4 millisec. Relays withstand 30 g over 
vibration range of 10 to 5000 cps, 100 g 
shock. Units measure 0.875 x 0.800 x 
0.400 in., weigh 1% oz. Insulation re- 
sistance exceeds 1000 megohms. Kur- 

(Continued on page 223) 
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HYREL FB 


DEPOSITED CARBON 
RESISTORS 


Send for Bulletin: 7010-B 


& BLUE JACKET 


VITREQUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 


Send for Bulletins: 
7410-A (Axial Lead), 7400-A (Tab Type) 


A XOOLOHM 


CERAMIC INSULATED-SHELL, 
POWER WIREWOUND RESISTORS. 


Send for Engineering Bulletin: 7300-A 


2 PERMASEAL 


pean CAST EPOXY HOUSING, 
nal Ci L PRECISION WIREWOUND RESISTORS. 


Ry 


Send for Engineering Bulletin: 7500 


FILMISTOR 


PRECISION CARBON FILM RESISTORS. 


Send for Bulletins: 
7000 (Molded shell), 7010-B (Ceramic shell) 


® 
MEG-0-MAX 
GLASS JACKET HIGH VOLTAGE, 
HIGH POWER RESISTORS. 


Send for Engineering Bulletin: 7200-A 


@ SPIRAMEG 


HIGH-RESISTANCE SPIRAL ELEMENT 
ee RESISTORS. 
TYPE7OIE ~* 
e Send for Engineering Bulletin: 7100 


SPRAGUE ELECTRIC COMPANY 
307 Marshall Street North Adams, Mass. 
SPRAGUE COMPONENTS: RESISTORS @ CAPACITORS @ MAGNETIC COMPONENTS @ TRANSISTORS 


| INTERFERENCE FILTERS @ PULSE NETWORKS @ HIGH TEMPERATURE MAGNET WIRE @ PRINTED CIRCUITS 
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... a line of industry-wide favorites, built 
to make tough applications seem easy 


When it comes to building electric motor-powered equipment, 
make sure of your horsepower source. Before you specify any motor 
brand, consult with your A. O. Smith Motor Man. He'll show you 
how the horses of A. O. Smith (a full line of integrals and fractionals 
both polyphase and single-phase) help users surmount application 
barriers. 

And A. O. Smith delivers the horses that deliver the goods — 
24-48 hour action on all parts and service orders. 
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OPYRIGHT 1960, A. O. SMITH CORP, 


ee 
7 | 
Through research ES . @ better way | 


ee: Ee tee ei - N 
ELECTRIC MOTORS 
Tipp City, Ohio 


| A. 0. SMITH INTERNATIONAL S. A. | 
Milwaukee 1, Wisconsin, U. S. A. 
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CHANGED 
HORSES 


Mr. V. F. Radde, President of Skid- 
more Corporation, reports, “Our 
condensate pumps are invariably 
located near boiler rooms and fre- 
quently in an atmosphere full of 
dirt and coal dust. This A. O. Smith 
motor is the only capacitor start 
motor we've found that we can use 
in this kind of service.” 

Sure, we asked Mr. Radde for 
this testimonial . because we 
knew he had changed horses .. . 
switched to A. O. Smith motors be- 
cause of troubles he had experienced 
with other makes. And more im- 
portant, he was glad to do so be- 
cause the sealed-capsule motor had 
eliminated his problems. In con- 
trast to every other make, the can- 
opy housing totally encloses the 
starting capacitor, mounting switch, 
actuator and automatic overload 
protector from insects, coal dust, 
dirt and other impurities. 

Furthermore, in addition to su- 
perior mechanical features, it’s a 
motor designed specifically for cen- 
trifugal pump operation . . . higher 
performance at full and service-fac- 
tor loads means higher performance 
for your pump. It adds up! Me- 
chanically and electrically, you get 
more motor from the same sales 
dollar when you put your money on 
the horses of A. O. Smith. 


GO-TOGETHERS — Dependable Skidmore 
condensation pumps powered by A, 0, 
Smith vertical close-coupled pump motors. 
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man Electric Co., 191 Newel St., Brook- 
lyn 22, N. Y. 
Circle 541 on Inquiry Card 


MINIATURE MICROWAVE 
ISOLATORS 


Series of miniature X and KU band 
isolators measure 0.5 and 0.7 in. long. 
Isolation of X band unit is 15 db min; 


insertion loss is 0.3 db max. Average 
power, 1.0 watts max; VSWR, 1.20 
max. Temperature range, 0 to +-50 C. 
Kearfott Microwave Div., 14844 Oxnard 
St., Van Nuys, Calif. 

Circle 542 on Inquiry Card 


ELECTRICAL CONTACT RIVETS 


Contact rivets have precious-metal bond 
to base metal of rivet. Contact materials 
employed are silver, silver alloys, pure 


. 
Pt 


oie 
* Oe Se * 

gold or platinum. Rivet types include 
flat full crowned and conical facings; 
shanks are solid, indented or tubular. 
Gibson Electric Co., Delmont, Pa. 

Circle 543 on Inquiry Card 


INDUCTION MOTOR 


Type 2635 servo motor operates at 115 
volts with max power input of 8.5 watts. 
Acceleration is 88,000 radians per sec; 
stall torque, 1.25 oz-in. No-load speed, 
6500 rpm min. Unit operates over tem- 
perature range from —55 to--+-110 C, 
weighs 9 oz. Kollsman Motor Corp., 
Dublin, Pa. 


Circle 544 on Inquiry Card 


(Continued on page 224) 





shortest 
distance 
between you 


and 
RELIABILITY! 


ELEeEcCTRIC co. 


a 


division of 


INDUSTRIAL TIMER CORPORATION 


RELAYS 


FOR EVERY APPLICATION 
Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 


210 River Street, Orange, N. J. 


Industrial Relays, Foot Switches, Buzzers, Coils 


Phone: ORange 2-8200 
[UT I rar geen oo ea RRR 
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yd "another 
NEW product — 








... the 46,000 Series | 
noneic DISC BRAKES | 
for Crane, Hoist, and Winch Applications | 


A.C. Operation ... Compact, Motor-flange Mounting ... 

Cast, Dust-tight, Waterproof En- 

closures ... 3 Sizes- 500, 750, 
and 1,000 lb-ft Torque 


@ UP TO 88% LESS INERTIA (WK?) ... 
e UP TO 35% LESS WEIGHT... 
eUP TO 40% LOWER INSTALLED 
COST... than cumbersome, hard to 
enclose ‘Flywheel-type” brakes of 
similar torque and thermal capacity! 
| 










@ Stearns exclusive unitized construction for faster, 
simpler installation and maintenance — longer life! 


Request Stearns New Product Preview 2-61-B 


ELECTRIC CORPORATION 


120 NORTH BROADWAY 





* MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brokes — Clutch-Brokes 


SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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HIGH-TEMPERATURE 

BALL BEARING 

Bearing is suitable for high-tempera- 
ture processes without sealing against 
corrosion. Bearing operates at tem- 





peratures to 1000 F. OD is 1% in., 
bore is 4% in. Rockwell hardness, 50; 
employs no loading slot. With one- 
piece retainer and shields. Industrial 
Tectonics, Inc., 18301 Santa Fe Ave., 
Compton, Calif. 

Circle 545 on Inquiry Card 


WIREWOUND 
POWER RESISTOR 


Model PW-2 axial-lead resistor features 
fireproof inorganic construction. Resist- 
ance values: 0.24 to 8200 ohms in 3-, 


5-, 7-, 15- and 20- watt sizes. Standard 
tolerances, 5 and 10 per cent. Element- 
lead assembly sealed in rectangular 
ceramic case. International Resistance 
Co., 401 No. Broad St., Philadelphia 8. 


Circle 546 on Inquiry Card 
MINIATURE TRANSFORMERS 


Series of transformers feature plug-in 
pin construction for 5-pin miniature 
socket. Units are potted and sealed in 
14 in. diam cases to meet MIL-T-27A, 





Grade 5. Impedance range from 10 
ohms to 300 k ohms. Terminals are 
0.030-in. diam brass pins. James Elec- 
tronics, Inc., 4050 No. Rockwell St., 
Chicago 18. 

Circle 547 on Inquiry Card 


LINEAR-MOTION 
POTENTIOMETERS 

Types 3239 and 3209 potentiometers 
offer resistance values from 1 k to 20 k 
ohms, accuracies of +0.5 per cent. 
Type 3239 has shaft stroke of 1.587 in., 
length of 4.694 in.; 3209, a stroke of 


ELECTRO-TECHNOLOGY 





PUTTING MAGNETICS TO WORK 


id 


Sign up for the Magnetics self-improvement course: 


Here’s free help to enable you to improve yourself—and ability tape wound cores and bobbin cores which are 
your position as a magnetic circuit designer. You need it if: used in amplifier circuits), we have started this course. 
‘ de Lesson 1, “‘“How to Reduce Magnetic Circuit Size and 
You don’t know how to work with E=n aa CONS Response Time,” will be on its way to you immediately 

if you use the coupon below. 


duce the size of magnetic amplifier circuits. Most men 
who design amplifiers for cramped operation in mis- 
siles have found it invaluable. 


What’s more, you may only vaguely remember MAGNETICS ine. 


® 
H=.4t , so how can you use it to cut circuit 


Am 
size by two to ten times, and shorten response time 
proportionately ? 


CRC EEHEEHEEEEEEEEEH EEE HEHEHE HEED 


MAGNETICS INC., DEPT. ET-86, BUTLER, PA. 


Please enroll me in your free self-improvement course, and send me 


It’s quite possible that you, like many engineers, may 
q I " M 8 : y *‘How To Reduce Magnetic Circuit Size and Response Time." 


have bypassed or been bypassed by magnetic circuit 
theory as a working tool while you were in school. Yet 
this science has opened frontiers of static control which 
makes an understanding imperative if you are to do your 
job—and further your career. For your sake (and for 
ours, too, because we manufacture and sell high perme- 


name 


i 


title — 


compony_ antennal 


address 


COOPERS EEE EEE HEHEHE EEE EEEEEHEHEEEEE 
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HEYCO 


STRAIN 
RELIEF 


ABSORBS PULL BUSHINGS 


For standord Fil 


ond special 
wires and 
cobles 










for Insulating 
and Anchoring 


ELECTRICAL 
ABSORBS PUSH) CORDS & CABLES 


onap Bushings 


Insulation and mechanical pro- 
tection for electrical wire & cable, 
hose, tubing & rope—a bearing 
for moving parts. 


Approved 
HEYCO 








Finger pressure 
rt s bushing ir 


HEYCO JUNCTION-TERMINAL 


BUSHINGS 
— tnt Deere it} er - 
ne "s+ 


= 


Miniature Insulated Receptacle 
Eliminate “Pig-Tail” 
Wire Leads 
Mate with 3/16 or 1/4” 
female terminals 








HEYMAN 
MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 










| AMPLIFIER-CONTROLLED 


| shall 











0.600 in.; length is 2.226 in. Voltage 
breakdown, 1000 volts min. Units with- 
stand shock and vibration in excess of 
100 g. Markite Corp.. 115 Waverly 
Place. New York 14. 

Circle 548 on Inquiry Card 


RELAY 


Model RMC-400-1, magnetic-amplifier- 
controlled relay, is suited for bias pro- 
tection in airborne radar systems. Con- 





tacts are DPDT, rated at 115 volts a-c, 
2 amp. Pull-in voltage. 95 volts max; 
drop-out voltage, 85 volts min. Operat- 
ing temperature range, 54 to +115 
C. Measures 154 x 1°4 x 2%6 in. Mar- 
Industries, Wahlgren Magnetic 
Div.. 1900 Walker Ave.. Monrovia, 
Calif. 

Circle 549 on Inquiry Card 


HIGH-SPEED COUNTER 

Electric-impulse decade counter, Type 
4TiIF6EM, is capable of counting 250 
impulses per sec. Amplifier stage shapes 
and amplifies transfer pulse, advancing 







SEND 
YOUR PRINTS 
FOR QUOTATION 


Hidwest 


* 
AND MANUFACTURING COMPANY | 


impulse-counter stage. Input power is 
16.5 watts at 110 volts, single-phase. 
Unit measures 5'46 x 2'46 x 8 in. 
Landis & Gyr, Inc., 45 W. 45 St., New 
York 36. 







Circle 550 on Inquiry Card 
MINIATURE FUSE POSTS | 


Line of 3AG fuse posts has current 
rating of 15 amp, voltage rating of 250 
volts. Body and knob materials meet 
MIL-P-14E Type CFG, can be fungus- 


for Electrical Applications 


123 Rotary Drive 
GURNEE, ILLINOIS 


Circle 215 on Inquiry Card 





After fifteen years of continuous outdoor service in 
New England, this Type SJT cord, insulated and jack- 
eted with BAKELITE vinyl, is still in excellent condition, 
demonstrating excellent retention of electrical and 
physical properties. Other types of covering used on 
flexible cords and appliance wire would have deteri- 
orated under such conditions. The flexible cord shown 
was manufactured by the Plastic Wire and Cable Cor- 
poration, Jewett City, Connecticut. 


With BAKELITE’ Vinyl Wire Coverings... 


you get this kind of reliability even after 15 years 


This unusually severe test on electrical cord exposed to the weather 
for 15 years serves to illustrate the high degree of reliability and safety PHYSICAL PROPERTIES OF SJT CORD 


provided by Bakeuire vinyls for flexible cords and wire as shown in Underwriters’ 
/ ¢ Laboratories aft 
» fe > io Minimum er 15 
the table at right. Requirements Years 
That's why an increasing number of manufacturers are using appli- — ee. . age 
Tensile Strength, psi 1600 1510 
Elongation, % 200 300 
applications insulated and jacketed with Bakeire vinyl. Through Primary Insulation 
e z si r Tensile Strength, psi 1600 3500 
experience, they have learned that for serviceability, quality BAKELITE Elongation, % 200 260 


ance wire, flexible cord, hookup wire, instrument wire and similar 


vinyl insulated wire offers an impressive list of advantages including scealeied comedian th ea aotaien 
... outstanding resistance to aging, exceptional toughness, resistance 
to deformation, moisture and chemicals, flame resistance, and good 
electrical properties. 
Demand the reliable performance of appliance wiring and flexible E | Te)\"| 
cords insulated and jacketed with BAKELITE vinyl. For more informa- CAR 24] DE 
tion on the materials listed by Underwriters’ Laboratories, write 
Dept. IH-42D, Union Carbide Plastics Company, Division of Union 
Carbide Corporation, 270 Park Avenue, New York 17, New York. . star 
In Canada: Union Carbide Canada Limited, Toronto 12. ‘she ae ules Cosh ee 
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double 
. corrosion 
protection 


on Aluminum, Magnesium and Zinc-plated parts 


with 





CHROMATE CONVERSION COATINGS 


CLEAR PROTECTIVE COATINGS 


Here’s a fast, easy way to practically 
double corrosion protection on your 
products. Simply follow the Iridite 
process with an application of 
Irilac. You give parts extra protec- 
tion from corrosive conditions, 
added abrasion resistance, longer 
shelf or storage life, protection from 
finger marking and increased beauty 
for a more attractive appearance 
and faster sales. 


ON ALUMINUM—An Iridite-Irilac fin- 
ish provides long life under many 
service conditions. Iridite colors 
range from natural aluminum to 
golden yellow. Additional dyes give 
other color ranges. 


ON MAGNESIUM—Irilac over Iridite 
15 increases protection, resists 
damage from handling or abrasion. 
Color range—light to dark brown. 

ON ZINC—Iridite plus Irilac gives 
longer product life, brighter ap- 
pearance. Color range—clear Iridite 
to olive drab, plus colored dyes. 


IRIDITE—chromate conversion coatings for non-ferrous metals applied by dip, brush 
or spray, at room temperatures manually or with automatic equipment. Provides 
corrosion resistance, a base for paint or decorative appearance. Forms a thin film 
integral with the metal. Cannot chip, flake or peel. No special equipment, exhaust 
systems or specially trained personnel required. 


IRILAC—Clear protective coatings for all metals. Safe and easy to handle os water. 
Apply by dip or brush. No exhaust or special fire prevention equipment required. 
Adds protection and abrasion resistance to base metals, plated parts or ports 
treated with electrolytic or chemical post treatments without chemical change. 


For complete technical information on IRIDITE or 
IRILAC coatings, write for FREE TECHNICAL MANUAL. 
Or, see your Allied Engineer. He's listed under “Piat- 
ing Supplies" in the yellow pages. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET « BALTIMORE 5, MARYLAND 

BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

West Covet Licensee for Process Chemicals: | M. Butcher Co. 

Ewrepece Agent, Store Gronberger, Storgeton 10, Stockholm, Swedes 

Chemcol end Electrechemce! Processes, Anodes, Rectifrers, Equipment end Supplies for Metal Finishing 





TD?) CD*| CD") ELD" | 
Ovrometes Coctings Brighteners Supplies Equipment 
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sean 342004 


treated per JAN-T-152. D-C breakdown 
voltage between terminals, 2400 volts. 
Units meet MIL-STD-202 and MIL-E- 
5272 vibration requirements. Littelfuse, 
Inc.. Des Plaines. TI. 


Circle 551 on Inquiry Card 
GALLLIUM ARSENIDE 


\-type single-crystal GaAs with mobili- 
ties from 3500 to 5500 cm sq per volt- 
sec is offered. Single- and large-grain 
polycrystalline material supplied in in- 


og?@ 
vl 


got form. Doped single crystals have 
impurity densities suitable for Varactor 
and tunnel diodes. Micro State Elec- 
tronics Corp., 152 Floral Ave., Murray 


Hill, N. J. 





Circle 552 on Inquiry Card 
POLYCARBONATE RESIN 


“Lexan” 101 is color stabilized and 
offers improved appearance and optical 
qualities over “Lexan” 100. For elec- 
trical and electronic housing, aircraft 
instruments, light diffusers and other 
components where transparency is im- 
portant. General Electric Co., Chemical 
Materials Dept., Pittsfield, Mass. 

Circle 553 on Inquiry Card 


SAFETY SWITCH 


Type “TO” switch provides positive 
make and break control of electrical 
circuits in response to change in atti- 
tude of 30 deg or more. Unit rated 15 





amp, 115 volts a-c; or 10 amp, 230 volts 
a-c. Contact blade, 302 stainless steel; 
contacts, silver-plated nickel. Terminals 
are screw type or quick connect. Nor- 
walk Thermostat Co., Norwalk, Ohio. 
Circle 554 on Inquiry Card 


STACKING PATCHCORD 
Model HB extension patchcord shields 
leads, provides vertical stacking from 
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N OQ YW/ — another FIRST by the 


Originator of Eddy-Current Equipment 


NEW 


ee 
YNAMATI( 


Model 905 — 
Ajusto-Spede 
Drive 


Red tint indicates 
output member 


Extends Capacity Range to 15 HP 
in the Popular Quill-Type Design 


T he addition of the new model ACM-905 to the famous Check these 
ACM-903 and ACM-904 lines of Dynamatic Ajusto-Spede x 
Drives makes the desirable features of Dynamatic Quill-Type Ajusto-Spede 
design available for many new applications. Advantages 


Dynamatic Ajusto-Spede Drives provide controlled adjustable 
speed from an AC power source. Standard control features 
include on-off clutch control, infinite speed adjustment, con- 
stant speed regulation, and jogging. Any of a variety of special Simplitied construction 
features may be easily and economically added to the standard Compact design 
control. 


Infinitely adjustable speea 
from AC power 


Wide speed range 
All Quill-Type models are available with either eddy-current, 


Dyna-torQ, or fail-safe brakes. Remote control 


An Ajusto-Spede Drive, a control unit (either electron tube or eptspcmuatabiansne temas 
transistorized magnetic amplifier), and a push-button station Excellent performance 
comprise a compact, easily installed, low-cost drive package. characteristics 


Send for Illustrated Descriptive Literature 


——— DYNAMATIC DIVISION ——— 
MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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Quality BRUSHES 


for leading Motor Manufacturers 


for OVER 50 YEARS 


STACKPOLE CARBON CO., ST. MARYS, PA 


BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT + ELECTRICAL CONTACTS * GRAPHITE BEAR- 

INGS & SEAL RINGS « SLIDE & SNAP SWITCHES * ELECTROCHEMICAL ANODES + ROCKET NOZZLES 

WELDING & BRAZING TIPS « CERAMIC MAGNETS «+ FIXED & VARIABLE RESISTORS « FERRITES 
AND MANY MORE 


230 Circle 219 on Inquiry Card 


jacks when used with banana plugs. 
Plugs are heat-treated beryllium cop- 
per; current-carrying capacity, 15 amp. 
Contact resistance, less than 0.001 ohm 
per plug. Pomona Electronics Co., Inc., 
1500 E. Ninth St., Pomona, Calif. 


Circle 555 on Inquiry Card 
PRINTED-CIRCUIT CONTACTS 


Fork contacts, designated 400 series, 
feature full-radius contacting surface. 
are fabricated from spring-tempered 
phosphor bronze. Three different styles 


Available in bulk or 
on plastic strips for multiple mounting 
to specified dimensions. Methode Mfg. 
Corp., 7447 W. Wilson Ave., Chicago 3. 
Circle 556 on Inquiry Card 


FLUOROCARBON TAPE 


TFE-fluorocarbon skived tape will show 
no more than 2 per cent change in any 


are gold-plated. 


dimension when heated to 750 F for 
15 min. Available in thicknesses from 
1 mil up and widths from 14 to 12 in. 
Tensile strength at 0.003 in.. 4000 psi 
min. Elongation, 300 per cent min. 
Electric strength, 2700 volts/mil min. 
Dixon Corp., Bristol, R. I. 

Circle 557 on Inquiry Card 


DIGITAL READOUT 
MODULE 


Display Module IL-2000 has readout of 
64 characters when operated from 6-bit 
binary input, or 16 characters from 4-bit 
binary input. Display changes within 
max time of 50 millisec. Locking device 
holds any individual character. Char- 
acters are 0.5 in. high, 0.313 in. wide; 
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72 NEW 
MOTOROLA 


From Motorola, a 10 watt silicon diffused- 
junction zener diode to meet the requirements 
of MIL-S-19500B/124 (amendment 1). 
1N2970B(SIG. C.) thru 1N3015B(SIG. C.) 
provide nominal zener voltages of 6.8 to 200 
volts ... 1N2970RB(SIG. C.) thru 1N3015RB 
(SIG. C.) are equivalent reverse polarity units 
... 4 total of 72 new Motorola mil-type zeners 
for your critical military circuits. 


Two zener impedance tests — at the practical 
4 power operating point (Z,,) and at the knee 
(Z.x) — guarantee sharp zener knees, product 
uniformity and quality. Motorola’s zener volt- 
age regulation test (AV,) assures unexcelled 
regulatory characteristics. Units are packaged 
in a rugged, hermetically sealed stud case... 
and are able to withstand very high surge 
currents. 


FOR COMPLETE TECHNICAL INFORMATION 
on these new Motorola 10 watt mil-type zeners, 
request Data Sheet #DS 7008 from your Motorola 
Semiconductor district office or write: Motorola 
Semiconductor Products Inc., Technical Information 
| + ohn pugai 5005 East McDowell Road, Phoenix 10, 
rizona. 


MOTOROLA DISTRICT OFFICES: 

Belmont, Mass / Burlingame, Calif / Chicago / Clifton, N. J. / Dallas 
Dayton / Detroit / Glenside, Pa / Hollywood / Minneapolis / Orlando, Fila 
Silver Spring, Md / Syracuse / Toronto, Canada 
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USER PREFERRED ZENER DIODE TYPES AVAILABLE FROM MOTOROLA 


400 MILLIWATT 1 WATT 
1N746A thru 1N3016B thru 
1N759A 1N3051B 
1N962B thru 6.8 to 200 volts 
1N992B 
3.3 to 200 voits 
designed to meet requirements 
of MIL-S-19500B/117 & 127 


designed to meet requirements 
of MIL-S-19500B/115 


a 


50 WATT 


FE 1N28048 thru 
t 1N2846B 
”} 1N2804RB thru 
1N2846RB 


6.8 to 200 voits 


designed to meet requirements 
of MIL-S-19500B8/114 


Subminiature Glass 


ZENER DIODES 


6.2 voit, 8.4 voit, 
9.0 volt, 11.7 volt 


Coefficients 
.01 to .0005% /°C 


NEW ZENER DIODE/RECTIFIER HANDBOOK 
A major revision of Motorola's previous handbook. 185 
pages of theory, design characteristics and comprehen- 
sive applications data. $2 per copy, check or cash with 
order, (no purchase orders, please), from Handbook 
Department, Motorola Semiconductor Products Inc., 5005 
East McDowell Road, Phoenix 10, Arizona. 


Semiconductor Products inc. 


A SUBSIDIARY OF MOTOROLA, INC. 


5005 EAST McDOWELL ROAD * PHOENIX 10, ARIZONA 
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NEW FROM CEC...RACK 
AND PANEL CONNECTORS 
WITH MIL-SPEC CONTACTS 


NOW FOR THE FIRST TIME you can have a rack and panel 
connector with contacts made in accordance with MIL-C- 
26636 ...an exclusive CEC feature. And they are available in 
six configurations ... Die-cast aluminum shells in accordance 
with MIL-QQ-A-591A and insulator blocks of high-strength 
glass-filled diallyl phthalate per MIL-M-19833. Check these 
configurations with your requirements: 


} \ } 
i ) 
f 
i 
| A 
} | 
5001-15: 
13 size 20 contacts, S00L-19: 500L-28: 
2 size 16 contacts. 17 size 20 contacts, 25 size 20 contacts, 
2 size 16 contacts, 3 size 16 contacts. 
2 standard RGS8/U 
coaxial contacts. 
a =~ 
) 
| | 
' i 
| 
| 
5001-30: 5001-48: 500L-63: 
25 size 20 contacts, 59 size 20 contacts, 






5 size 16 contacts, 
5 standard RGS8/U 
coa) ial contacts. 


For more information, write for Bulletin CEC 4006-X11 


Electro Mechanical Instrument Division ( ee 


CONSOLIDATED ELECTRODYNAMICS / sae 09 orate. 


Belle Howell - 








| 
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are internally lighted. Unit measures 
4.5 x 1.19 x 1.0 in. Servomechanisms, 
Inc., 200 No. Aviation Blvd., El Se- 
gundo, Calif. 

Circle 558 on Inquiry Card 


REGULATED POWER SUPPLIES 


Models 170 and 171 supplies have vari- 
able voltage output from 10 to 32 volts. 
Model 170 has current output of 0.25 


“to 


amp, Model 171 has current output of 
0.50 amp. Regulation is 3 mv, line or 
load; ripple is less than 250 pv, rms. 
Both units are available in three differ- 
ent configurations. Quan-Tech Labora- 
60 Parsippany Blvd., Boon- 





tories, Inc., 
ton, N. J. 
Circle 559 on Inquiry Card 


SELF-LUBRICATING 
SHAFT BEARINGS 
life 
available in water-proof. 
load (up to 


Bearings having expectancy of 
20,000 hr are 


enclosed-end and heavy 





Lubrication 
lubricant is 


200 psi) 
by means of self-wicking 


configurations. 


oil to bearing 
+-200 F range. 
Outer Dr., 


of resupplying 
10 to 
Co., 3750 E 


capable 
surfaces over 
Tann Bearing 
Detroit 34. 
Circle 560 on Inquiry Card 


MINIATURE TRIMMERS 


Panel-mounting resist- 


20 k 


aluminum. 


trimmers have 


ances ranging from 50 ohms to 


ohms. Cases are machined 


sealed to prevent entrance of moisture. 
power rating. 


Tolerance, +5 per cent; 


1 watt at 50 C. Units withstand 50-¢ 
MODEL 80-3-3 
Threaded Case Type 
MODEL 80-3-2 





Threaded Bushing Type 





AVN 
MICROMODULES 
a 


Magnetic Shields Custom Fabricated to Any Size or Shape 





The industry's widest range of production facilities ...in 3 factories: 
PRESS FORMING AND DRAWING e HYDROFORMING 
® SPINNING e HAND FABRICATION OF PROTOTYPES 


Already Tooled for Samples or Production 


¢ Simple designs to elaborate * Micromodule size to a com- 
complexes. pletely prefabricated mobile 
: s : shielded room weighing 5 
¢ Single or multiple laminae tons which can be trans- 
constructions. ported anywhere — an 
achievement unique with 

Magnetic Shield Division. 
ALSO AVAILABLE 8 * 

¢ Processed stock for fabrication in your own plant. 


¢ Co-operative design facilities. 


Use this SINGLE CONVENIENT SOURCE for all magnetic 
shielding requirements. Saves you countless design hours . . . helps 
speed your project . . . lowers your costs. 


We recommend NETIC and CO-NETIC magnetic shielding mate- 
rials because they are non-shock sensitive, non-retentive, do not 
require periodic annealing and provide completely effective shield- 
ing for optimum results. 


NETIC and CO-NETIC are widely specified for satellite, missile, 
protecting recording tapes, data processing and for innumerable 
other military, scientific and laboratory applications as well as for 
commercial applications. 


PHONE YOUR NEAREST SALES OFFICE TODAY: 


BALTIMORE, MARYLAND LOS ANGELES, CALIFORNIA 
HOpkins 7-3766 WEbster 1-1041 

UNION CITY, NEW JERSEY PALO ALTO, CALIFORNIA 
UNion 4-9577 DAvenport 1-5064 

MERIDEN, CONNECTICUT = SAN DIEGO, CALIFORNIA 


BEverly 7-9232 ACademy 4-1/17 


MiMlehiend 41118 SEATTLE, WASHINGTON 


WESTMOUNT, MONTREAL, EAst 3-8545 
QUEBEC 


WEllington 7-1167 


DALLAS, TEXAS 
Fleetwood 1-1615 


PHOENIX, ARIZONA 
AMhurst 4-4934 


HOUSTON, TEXAS 
HOmestead 5-7780 


VETO HL 


Perfection Mica Company 


1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 
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Micro miniature 
shield and cover, 
punch press 
operation. 


Sequence of 
Shield cans, 
punch press or 
spinning. 


Complex 
configuration 
multi-lamina 
shield, 
hydroformed. 


CRT shield 
illustrating 
combination of 
hand fabrication, 
spinning and sizing. 


Backward wave 
tube shield 
assembly design, 
involving hand 
fabrication and 
hydroform or 
spinning. 


Special purpose 
shield, hand 
fabrication 
(levitated gyro). 


Tape preserver 
can be spun, 
hydroformed or 
punch press 
fabricated. 


Data storage tube 
shield, hydroform 
or spinning, plus 
hand fabrication. 


Large fabricated 
special structure 
(shaker table 
shield), approx. 
60” dia. and 

57” high. 


Composite photo 
demonstrating that 
magnetic shielding 
qualities of NETIC 
alloy material are not 
affected by vibration, 
shock, (including 


_ dropping), etc. 








what’s so different. _ 
about these - 







time/ delay/ relays? 
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(and how these 
AGASTAT 
differences benefit 

you!) 
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AGASTATs are electrically actuated, but are pneumatically timed, so their 
accuracy and reliability are unaffected by voltage variations, and recycling 
is instantaneous. Adjustment is simple and stepless over l-o-n-g time ranges. 
With moving parts held to a minimum, the life span of a typical unit is 
measured in millions of cycles. 

Industrial models (left) are dial-adjusted for delays of .05 sec. to 15 min. 
in five ranges. Needle valve models are also available, covering the full range 
(.15 sec. to 5 min.) in one unit. The Miniature Agastat on the right weighs 
as little as 15 oz. Hermetically sealed or unsealed types for MIL Spec or 
other demanding applications. Saves weight, saves space. 

Timing accuracy and reliability are what you would expect from 
AGASTAT, pioneers in the development of time delay instrumentation. 
Single- or double-pole versions, in all standard AC and DC coil voltages. 
Types to provide delay on pull-in or drop-out. Want complete specs, or 
further information? Just write Dept. !1-64. 


@M 
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ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION = ELIZABETH, NEW JERSEY 


iN CANADA: ESNA CANADA LTD.,12 GOWER ST., TORONTO 16 





shock, vibration of 30 g to 200 eps. 
Spectrol Electronics Corp., 1704 So. 
Del Mar Ave.. San Gabriel, Calif. 

Circle 561 on Inquiry Card 


MATRIX PRINTED-CIRCUIT 
BOARD 


All-purpose matrix provides physica ly 
perpendicular circuit connections on 





loth sides of board. Holes at intersec- 
lions for wiring permit preparation of 
cross-over and transposition configura- 
tions. Boards can be keyed. will fit 22- 
or 28-contact receptacles on 0.156-in. 
centers. Spec-Tronics, 13901] 
St., Van Nuys. Calif. 

Circle 562 on Inquiry Card 


CABINET FANS 


“Twinpax” assembly of two fans used 
in parallel detivers 400 cfm at 0.1 in. 
water, static pressure. Unit operates on 


Saticoy 





208 or 115 volts, 60 cps. Fans meet 
MIL-E-5272 and MIL-STD-202, require 
514 in. of vertical space. Rotron Mfg. 
Co., Inc., Woodstock, N. Y. 

Circle 563 on Inquiry Card 


TWO-STAGE SERVO VALVE 


Valve offers precise control while han- 
dling to 250 gpm at pressures to 3000 
psi. Pressure drop is 1000 psi; with 





3-watt input signal, valve handles to 
300 hp. Unit weighs approx 500 Ib, 
measures 24 x 12 x 14 in. The Oilgear 
Co., 1560 W. Pierce St., Milwaukee 4, 
Wis. 

Circle 564 on Inquiry Card 


(Continued on page 236) 
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TUNG-SOL 
HIGH 
PERFORMANCE 


GENERAL PURPOSE 
MINIATURE COMPUTER TRIODE 


7719 


Directly replaces pornet- sonenety 5965 and 7062 twin-triodes 
while providing these added advantages for designers of com- 
puter circuits: 


e Higher transconductance e Very sharp cut-off 


e Much higher plate e Linear transfer 
dissipation characteristics 


e Very high perveance e Improved reliability 


The Tung-Sol 9-pin miniature 7719 general purpose triode is 
the latest addition to the Tung-Sol family of top-rated, high- 
reliability tubes for computer service. Rated at 6 watts plate 
dissipation, the 7719 incorporates many design and construction 
features which assure computer users the maximum number 
of hours of trouble-free peak performance. 


CHECK THESE ADDITIONAL BENEFITS: 


« Freedom from cathode interface and reduced electrical leak- 
age ... Achieved through use of a passive cathode alloy and 
lower heater power per unit area. 


Minimization of grid emission . . .The 7719 is designed with 
heavy grid support wire and a double connection to the grid 
for cooler operation allowing use of 1 megohm grid circuit 
resistance. 


High stability . . . Use of heavier stock plate material assures 
more even distribution of heat and lower plate temperature. 
Cool operation further guaranteed by cool cathode and low 
bulb temperature (175°C at 6 watt dissipation). 


Very little “island” formation . . . Optimized geometr 
minimizes island formation thereby providing sharp cut-off, 
linearity and high perveance. 


Typical applications of the 7719 are found in totem pole 
amplifiers to drive function-generating potentiometers, cathode 
followers, and multivibrators. Full technical details on the 7719 
are available immediately on request. 


RATINGS 


Heater Voitage (Series) 12.6+0.6 
Heater Voltage (Paralie!) 6.3+0.3 
Maximum Plate Voitage 330 
Maximum Pilate Dissipation 6.0 
‘ Maximum DC Cathode Current 40 
° a Maximum Heater-Cathode Voltage: 
. z Heater Negative With Respect to Cathode 
* Total OC and Peak 
. Heater Positive With Respect to Cathode 
‘ls dao T47) oc 
ay° a2 wes Et t Total DC and Peak 
‘» tT i Maximum Bulb Temperature 


(s) TUNG-SOL 


Technical assistance is available through: Atlanta, Ga.; Colum- 
bus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; 
omg Mich.; Irvington, N. J.; Melrose Park, Ill.; Newark, 
N. J.; Philadelphia, Pa.; Seattle, Wash. In CANADA: Abbey 
Electronics, Toronto, Ont. 


Ags, 


PLATE (1b) MILLIAMPERES OF AMPLIFICATION FACTOR (4) 


APRIL 1961 Circle 224 on Inquiry Card 235 








236 


Collectadata: when 


paper tape 
comes In. 


oleae 


work goes 


e)ele 






f 


oe 








The machine at left is a Friden Collectadata® 
Transmitter—key to a new system of internal 
data collection that virtually eliminates 
in-plant paperwork. 


The system is simple. Transmitters, spotted in 
key reporting locations throughout the plant, 
are cable-connected to a central Collectadata 
Receiver. “Blank forms” are issued as pre- 
coded tab cards or Friden edge-punched 
cards. Each card becomes a “filled-in” report 


after the worker inserts it in the transmitter, dials in variables and 
touches a key. The rest is automatic. The receiver records each report 
in punched paper tape, adds an automatic time code. At day’s end, the 
receiver tapes are processed—converted to tab cards or fed directly into 
a computer to prepare comprehensive summaries of plant activity. 


Collectadata users report substantial savings in time and money. But 
in many applications the speed, accuracy and efficiency of automated 
data collection are even more significant. For information, consult 
your Friden Systems Man. Or write: Friden Inc., San Leandro, Calif. 


THIS IS PRACTIMATION: automation so hand-in-hand with 


practicality there can be no other word for it. 


© 1961 FRIDEN, INC. 


@ Iriden 


SALES. SERVICE ANDO INSTRUCTION 
THROUGHOUT THE U.S ANDO WORLD 
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MICROWAVE SOURCES AND 
HARMONIC GENERATORS 
Modular, crystal-controlled, solid-state 
sources available at any frequency from 
30 mc to 10 kmc with power outputs 





from 4 watts at lower frequency to 
5 mw at higher. Frequencies as high 
as 3 kme can be provided to operate 
with only 1 watt input at 28 volts d-c. 
Harmonic generators available at out- 
put frequencies up to 20 kmc. Non- 
linear element is variable reactance 
diode. Texas Instruments, Inc., 6000 
Lemmon Ave., Dallas 9. 

Circle 565 on Inquiry Card 


GANGED R-F ATTENUATORS 
TAA-50 and TBB-50 consist of two 


50-db and two 10-db turret attenuators 
in 10- and 1-db steps, respectively. Units 





can operate two separate r-f circuits or 
be wired in series to double or triple 
range of single attenuator. Telonic In- 
dustries, Inc., Beech Grove, Ind. 

Circle 566 on Inquiry Card 


MINIATURE DIGITAL 
MODULES 


Series 789, encapsulated, solid-state 
modules use components with mean 
time before failure of over 30,000 hr 
at 40 C and 20,000 hr at 100 C for 
typical binary counter. Available cir- 
cuits include triggers, multivibrators, 
gates, inverters and flip-flops. Opera- 
tion over 10 mc. Logic levels 0 and -+-6 
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NEW FROM EDISON... 


OMNICORDER 


A PRECISE MINIATURE 
INKLESS RECORDER 


™ INEXPENSIVE ™ RECORDS ANY VARIABLE 
™ REPLACES METERS OR INDICATORS 

™ PANEL OR BULKHEAD MOUNTED 

™ BUILT-IN VARIABLE CHART SPEED 

# JUST 334”x 33%4”x 3” 


Now you can take advantage of a new, economical means of 
recording any variable that can be converted to an electrical 
signal. Thanks to Omnicorder, you need no longer rely on 
meters or indicators, even where cost factors or space restrictions 
would ordinarily dictate the use of these instruments. 


Measuring just 334” x 334” x 3”, Edison’s Omnicorder, a unique 
circular chart recorder, is so compact that nine units occupy just 
one square foot of space. Thoroughly legible, yet requiring no 
ink, pen or ribbon, Omnicorder is equipped with a simple three- 
speed adjustment which regulates chart rotation, thereby pro- 
viding time sequences to meet varied needs. A flick of the switch 
gives users a choice of these sequences: one hour, seven hours 
and thirty hours per revolution — or one day, seven days and 


Stylus operates thirty days per revolution. 


peor rin = Omnicorder’s simple, inexpensive construction assures depend- 
sealed off from any able operation and a long, maintenance-free life. Four types of 
careless tampering. ; meter movements are available to measure a wide range of AC 

Zero Set Screw: Adjustment and DC electrical quantities, ranging from thermocouple outputs 
is made when measuring to currents as high as 100 amperes. No amplification is ever 


system is not printing and required, even for signals as low as 10 microamps. 
when the circuit to be st 


recorded is disconnected. For complete information on this rugged, maintenance-free 
Omnicorder, write for Catalog 3057. 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 
LAKESIDE AVENUE, WEST ORANGE, N. J. 
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DYNACOR, 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


1008 WESTMORE A‘'ENUE + KENSINGTON + MARYLAND 








SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity . . . under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


DYNACOR 
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INC. 


volts. Size, 46 in. x “i6 in. x %e in. 
Weight, 4 gm. Meet MIL-E-5400C. 
Class 4. and MIL-E-5272. Walkirt Co., 
141 Hazel St.. Inglewood, Calif. 

Circle 567 on Inquiry Card 


TEST JACKS 


| “Press-Fit” TFE-fluorocarbon-insulated 


jacks permit instantaneous insertion in 


| a punched or drilled hole. Jacks may 





be color-coded for identification. Units 
fit standard 0.040, 0.050, 0.060 and 
0.080 in. probes. Terminal lug is gold 
flash over silver. Sealectro Corp., 610 
Fayette Ave.. Mamaroneck, N. Y. 

Circle 568 on Inquiry Card 
HIGH-VOLTAGE DIODE 
Silicon diode IN645B has reverse cur- 
rent of 25 nanoamp at 225 volts. Pro- 
vides 400-ma avg rectified current, 600- 
mw power dissipation. Suitable for use 


f fy 


jf 





in magnetic amplifiers, modulators and 
power supplies. Rheem Semiconductor 
Corp.. 350 Ellis St.. Mountain View, 
Calif. 

Circle 569 on Inquiry Card 
SEAL RINGS 


“Tec-Ring” utilizes internal stainless 
steel or synthetic rubber expander in 
TFE-fluorocarbon which maintains con- 
tinuous mechanical force against seal- 
ing surface. Size range. 1% to 15 in. ID. 
For hydraulic applications involving 
high or low temperature, extrusion due 
to high pressure, friction, non-lubricat- 
ing liquids, gases and corrosive fluids. 


(Continued on page 240) 








NMcLEAN 





FAST DELIVERY FROM STOCK 
HUNDREDS OF MODELS 
CUSTOM DESIGNING 


Also a complete line 
of fractional horsepower motors 


WRITE TODAY BS 
44 P Pack Jd & 
Costng thnin ea 


McLEAN casoraronies 


World Leader in Packaged Cooling 


Princeton, N. J. + WAlnut 4-4440 


TWX Princeton, New Jersey 636 
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Take your pick... 

1,2 or 3 normally open, ) 
normally closed 
electrical 


circuits 
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Nationa i 
THE NATIONAL 
Acme 222 
CLEVELAND 8, OHIO 
Soles Offices; Newark 2, N, J., Chicage 6, Iil., Detroit 27, Mich. 
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ACTUAL | SIZE 


THESE “WIRE-WOUNDS” ARE 
CIRCUIT SHRINKERS.... . nemy 


expanded line lets AXIOHM® power resistors go into smaller circuits! 


Ward Leonard AXIOHM power resistors 
are now available in seven sizes—down 
to 2 watts, up to 12.5. 

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen- 
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high- 
est stability and maximum overload ca- 
pacity are required. 

The seven AXIOHM sizes come in a 


Rating 
(in watts) 





 $IZES AND RATINGS 


Resistances (ohms) 


complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual- 
ities Ward Leonard has made famous in 
power resistors: 

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist- 
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. 


o.9 






Dimensions (inches) 


Length* Diam. 








selhaiaiaperiemniipeatinindlatiniiah 
*Less leads. 








Get complete details in Supplement C to Catalog 15. Write for your copy and a 
list of stocking distributors today. Ward Leonard Electric Co.,54 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 


RESULT-ENGINEERED CONTROLS SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS e RHEOSTATS » RELAYS * CONTROLS « DIMMERS 


} 
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Tanner Engineering Co., 1003 Santa Fe 
Ave.. Los Angeles 21. 

Circle 570 on Inquiry Card 
TOROIDAL INDUCTORS 
Type MQ permalloy dust toroids pro- 
vide high Q factor. MQD-7 is 
illustrated with curve in photo. All units 


very 





rT} 3 100 150° 
KWLOC CLES 

hermetically sealed. Meet MIL-T-27A. 
Low hum pickup. High-permeability 
cases. Coupling attenuation, about 80 
db. United Transformer 150 
Varick St., New York 13. 

Circle 571 on Inquiry Card 


CRIMP-CONTACT 
CONNECTORS 

“Self-Loc-‘K’ ” connectors are available 
in 34 to 104 contacts which resist 50-lb 
push-out force. For wire sizes 16, 18, 


Corp.., 





20, 22 and 24 AWG. Contacts meet prod 
test of MIL-C-5015 and comply with 
applicable portions of MIL-C-8384, 
NAVORD OS 11119 and MIL-T-7928. 
Airborn Connectors, Inc., P. O. Box 
13251, Dallas 20. 

Circle 572 on Inquiry Card 


WAVEGUIDE ASSEMBLIES 

“E” and “H” plane standard bend and 
twist blanks are available for cutting 
to length and brazing of any flange 
arrangement. Copper or aluminum with 


£ 
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Now—an Even Smaller 


NUMBER 13—NEW PRODUCT SERIES 


High-Temperature Trimpot® Potentiometer 


Here, just 34” in length, is a wirewound potentiometer that 


is completely humidity-proof and operates at 175°C! Ideal 
for your printed circuit applications, it witt 

tion and 100G shock, dissipates 0.! 
at 125°C), and has tapered pins for 


vibra 
(0.2 watt 
unting 
Sealed against humidity in a high-temperature plast se, 
the Model 3000 exceeds the requirement 202A, 
Method 106. The 15-turn screwdriver ermits 


pinpoint settings and the self-locking shaft keeps them accu 


a 
\ 
4 
. 
if 
4 

? 


rate. For maximum stability, the unit incorporates a ceramic 
mandrel. Reliability is outstanding. The exclusive Silverweld® 
bond between terminal and resistance wire is virtually inde 
structible under thermal or mechanical stress 


Available within 24 hours from factory and distributor stocks, 
the Model 3000 is stocked in resistances of 50 ohms to 20K. 
A Resiston* carbon version, Model 3001, is available with 
resistances of 20K to 1 Meg. Write for complete data and list 
of stocking distributors. 


? 
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Exclusive designers and manufacturers of Trimpot® potentiometers. Pioneers in transducers for position, pressure, acceleration. 
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BEST BY TEST, PROVED BY PERFORMANCE... 


Actual Size 


Two New Phil-Trol Crystal Can Relays 


WITH SIGNIFICANT DESIGN FEATURES AND CHARACTERISTICS 


Just out. Completely tested, approved and in operation, are the new model 
Phil-Trol micro-miniature relays. And, already, engineers are calling them 
the finest in the electronics field. 


They are members of the quality line of Type 30 models operating so 
successfully throughout the missile, rocket, communications, air borne 
computer, and data processing industries. They are the ultimate in reliable 
circuit switching for 2 amps. 26.5 V. DC as well as low-level circuit applica- 
tions. Special design features include compactness, lower mounting dimen- 
sions, unique terminals and mounting arrangements, as well as different 
conformations for the latest grid spacing requirements. 


Write for revised technical bulletins covering coil power, shock, vibration 
and resistive ranges, and all pertinent engineering data. 


Standard Voltages and Mounting Arrangements Available from Stock. 


PHILLIPS CONTROL CORPORATION «+ JOLIET 1, ILLINOIS 
A Subsidiary of Allied Paper Corporation 
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medium gray paint over standard metal 
finishing or other colors. Waveguide, 
Inc., Costa Mesa, Calif. 


Circle 573 on Inquiry Card 


POWER RESISTORS 

“Axiohm” 2. 3, 4,5, 7, 10 and 12.5 watt 
ratings are based on 325 C rise and 25 
C ambient. Vitreous enamel construc- 





tion, axial leads. Resistance values, 
0.1 ohm to 75 k ohms with +5 per cent 
tolerance. Ward Leonard Electric Co.. 
34 South St., Mount Vernon, N. Y. 


Circle 574 on Inquiry Card 


FEED-THRU CAPACITORS 


Paper capacitors for broad-band radio- 
interference applications are con- 
structed to function as_ theoretically 
ideal capacitors. May be used at con- 





tinuous current rating of 10 amp, with 
rated voltage from 100 to 600 d-c. The 
400- and 600-volt units are capable of 
operation at +85 C, 60 to 400 eps, 
125 and 250 volts a-c, respectively. Con- 
form to electrical and environmental 
requirements of MIL-C-11693B. Astron 
Corp., 255 Grant Ave., East Newark, 
m5. 

Circle 575 on Inquiry Cara 


UNIVERSAL MODULE 

Universal “Beam-X” switching unit 
(DC-112) provides counting, distribut- 
ing, multiplexing and scanning capabil- 
ities by the reconnection of input and 
output terminals. Permits assembly of 
complex electronic digital systems with 
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PIONEER in WINDERS for over 40 YEARS! 


(thousands of applications) 
GLOBE Armature Equipment 
processes all types of armatures!! 


“FAS-WOUND” or Anchored Loops 

e Insulate the slots e Connect to commutator Armature Insulating Machine 
e Install commutator e Hot-stake connections 

e Wind the armature e Wedge the slots 


Individual machines with Automatic Cycles or, Grouped 
into a full Automation System 


FAST—PRECISE—UNIFORM OUTPUT 


ALSO — Winders of all types—for all duties 
e Single or Multiple spindle 


Armature Winding Machine 


e Bench, Pedestal, or Bed types 
e Automatic, Semi-or Manual 
e Six Basic sizes — full range 


e Turrets and Automations 


Let US help YOU 
Turret Type Winder on Armatures, Stators & Coils Transformer Winder 


The GLOBE TOOL and ENGINEERING Company | 3. oa "on. 
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Pena Praia reels) 


FIM eC POEM MAL retains high accuracy 
+ 0.1% full scale PMS eri in rough field use 


Completely self- 
contained and 
self-powered. 
Operates 
instantly. 

Needs no 
warm-up. 


= os | you can be sure... 


If you insist on consistent, dependable service from a sup- 

, plier of electrical porcelain, we suggest you check with 

eres STAR. When you place your order with STAR, you can be 

+ ane digital readout of ane = sure that it will be handled with top priority. You're sure, 
«range potentiometric type ee —_ too, of receiving the finest quality materials, delivered 


ance bridge Rutere readout of 
Uses an ge siving when promised! Write us about your electrical porcelain 
needs whether large or small. You'll be glad you did. 


VT lm Clie Mle elute me le 
(A full line of highly sensitive and accurate gaussmeters) 


i? 
he > WAAR Porcelain Company 
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s minimum of original circuit design. 

new S aGe-Savin Burroughs Corp., Electronic Tube Div., 
Box 1226, Plainfield, N. J. 

transformers Circle 576 on Inquiry Card 


50 OR 60 CYCLES 
IN 15 DIFFERENT 
KVA RATINGS 

FROM .050 TO 10 


new wae . | 
control transformer ae | 
is lower in cost, uses oe | | 
less panel space, «* 


provides good regulation onncneaden 


HEAT SINK 


Series 6071 has serrated fins for maxi- 
mum heat dissipation. Hole patterns 





odes and rectifiers. Vemaline Products 
Co., Franklin Lakes, N. J. 
Circle 577 on Inquiry Card 


Designed for long operational life under tough con- 
ditions, this new line of SXO Transformers from 
Hevi-Duty gives good regulation at low cost. Coils are 


available for standard transistors, di- 
precision-wound and rigidly blocked. Preformed coil 


bases and heavy insulating channels between core and 
coil help provide for high insulation levels. For easy CRYSTAL-CAN RELAYS 
installation, wiring diagrams are on the nameplate. MQ series, hermetically sealed relay 


mounting feet are slotted, screw-type terminals are 
used. For further information see your Hevi-Duty rep- : : Tew MOA 
resentative or write to the address below for Bulletin 700. available in three sensitivities: JA, 

250 mw; MOB, 100 mw; and MQC, 


with 0.2-in. grid-spaced connections is 


Hevi-Duty 
Electric C 5 
HEVI-DUTY Watertown, Wis. 
BIP A Division of 


Dry-Type Transformers ic} —| Basic Products 


Constant Current Regulators Corporation 
Circle 236 on Inquiry Card 








50 mw. DPDT-contact dry-circuit rat- 
ings are 1 to 2 amp at 28 volts d-c on 
115 volts a-c. Temperature range, —65 
to +125 C. Dimensions, 0.875 high x 
0.800 wide x 0.396 in. thick. Weight, 
0.6 oz. Minimum life, 100,000 opera- 
tions. Elgin Advance Relays, Elec- 
tronics Div., Elgin National Watch Co., 
2435 No. Naomi St., Burbank, Calif. 
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FAST ECONOMICAL 
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SERVICE ON 









pent machin ae METAL FILM MYLAR 


Ss “Filmohm” is a thin, flexible, micro- 
Our modern plant and facilities for ra 
turning, grinding, milling, drilling, 
on 


lionths of an inch-thick film deposited 
on the surface. It is flexible, easily 
laminated to all plastics or metals. 
Resistances from 25 to 400 ohms/sq in. 
Tolerance +10 per cent- Available in 
5 x 12 in. sheets, 0.0002, 0.005, 0.001, 


wave-absorbing material with a 50 mil- 
threading, heat-treating and electro- 
plating are available for small or 
large volume. Simple or intricate, prototypes 
flanged or tapered designs from .020” 
to 1.00” diameters. Send drawings and sample 
and specifications for quotations. quantities 


INSTRUMENT SPECIALTIES 
“AICO. PROCESSED” co ° inc oer 


254 Bergen Boulevard \ nica 


Little Falls, New Jersey 
Telephone: CLifford 6-3500 





errviiium COPPER 
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oom & 202A FUNCTION GENERATOR—Down to 0.008 cps; 
transient-free! 


Uses: Electrical simulation of mechanical phenomena, vibration 
studies, servo research and testing, medical research, geophysical 
problems, subsonic and audio testing. 

Advantages: No switching transients, continuously variable 
0.008 to 1,200 eps range, 30 v output peak-to-peak constant, hum 
less than 0. 05%, square, triangular or electronically synthesized 
sine waves, 1% stability, 0.2 db response, less than 1% distortion 
(sine waves) on all but x 100 range. 


Price: $550.00 (cabinet model), $535.00 (rack mount). 


eeeeeveaeeeee eee eeeeeeeeeeeeeeee ee 


& 650A TEST OSCILLATOR—Fiat within 1 db, 10 cps 
to 10 MC! 


Uses: Testing TV amplifiers or wide-band systems, measuring 
filter transmission characteristics and tuned circuit response, 
determining receiver alignment, making telephone carrier and 
bridge measurements. 

Advantages: No zero set, no adjustments during operation, out- 
put voltage range 30 uv to 3 v, less than 1% distortion, 20 cps to 
100 KC; less than 2%,100 KC to 1 MC; approx. 5% at 10 MC. 
Hum less than 0.5%, output voltage attenuator, self-contained 
voltmeter, 2% to 3% stability. 


Price: $550.00 (cabinet model), $535.00 (rack mount). 


Easy to operate, ~ m4 EC S O N 


highly stable, 


wide range “OSCILLATORS 


4 precision oscillators perform a wide variety of audio, video, and low frequency tests. They 
offer the outstanding advantages of flexibility and broad usefulness at moderate cost. Employ- 


ing the 4 pioneered RC resistance capacity circuit, the units combine accuracy and reliability 
with ease of operation and minimum adjustment. 


4 205AG AUDIO SIGNAL GENERATOR—Six instruments 
in one; 20 cps to 20 KC! 


' Uses: Measure amplifier gain and network frequency \esponse, 
measure broadcast transmitter audio and loudspeaker response, 
drive bridges, use in production testing or as precision source for 
voltages. Monitors oscillator output, measures output of device 
under test. 

Advantages: Self-contained instrument, no auxiliary equip- 
ment needed. 5 watts output, + 1 db response, less than 1% dis- 
tortion, hum more than 60 db down, no zero setting, output and 
input meters read v and dbm; four output impedances. 

Price: $600.00 (cabinet model), $585. - (rack mount) 


eeeeeeeeeeeeveeeeeee 


é 206A AUDIO SIGNAL GENERATOR— Less than 0. 1% 
distortion; 20 cps to 20 KC! 


Uses: Convenient, precision audio voltage source; checks FM 
transmitter response, makes high quality, high fidelity amplifier 
tests, transmission measurements. 

Advantages: Continuously variable audio frequency voltage, 
(output 15 dbm) 0.2 db response, hum 75 db down, 2% frequency 
accuracy, less than 0.1% distortion. 111 db attenuator with 0.1 db 
steps 

Price: $800.00 (cabinet model), $785.00 (rack mount). 


Data subject to change without notice. Prices f.o.b. factory. 


ee er HEWLETT-PACKARD COMPANY 
j i 1031M Page Mill Road Palo Alto, California, U.S.A. 
resistance-capacity Cable SHEWPACK” DAvenport 6-7000 


oscillator circuit HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 6428 


Field representatives in all principal areas 
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We talk a synchronous 
motor language 
at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, 
perfectly—with dependable 
synchronous timing motors from 
our standard lines—or 

with motors built to your exact 
specifications. Speed ranges 
from 1800 rpm to 1 rp month. 
Shaft length, voltage variations, 
shift and brake action and 

other special features can be 
engineered to your requirements. 
Ask for the Bristol Motors | 
Representative in your area— 
write for new Catalog 160. 


BRISTOL@ MOTORS 


Division of Vocaline 
Company of America, Inc. 
210 Coulter Street, 

Old Saybrook, Conn. 
Dept. ET-4 





vor 


Circle 239 on Inquiry Card 


0.002 and 0.005 in. thicknesses. Film- 
ohm Corp., 48 W. 25 St.. New York 10. 


Circle 579 on Inquiry Card 
PLUG-IN RELAYS 


Four-, and 12-pole wire contact 
units measure 14% in. high x 134 in. 
deep x 5%, 7% and 1%4 in., respectively. 
Contact rating of each form “C” arm. 


Ae 


six- 





1 amp resistive at 25 volts d-c or 115 
volts a-c for 1-million operation life; 
0.5 amp for 3-million operations. Avail- 
able in 48 volts d-c and 115 volts a-c, 
to operate in 41% and release in 3 milli- 
sec. Wheelock Signals, Inc., 273 Branch- 
port Ave., Long Branch, N. J. 

Circle 580 on Inquiry Card 


PHENOLIC BINDER 
FOR LAMINATES 


Glass-fabric reinforced laminates with 


| phenolic binder have higher flexural 


strength than laminates with silicone 
binders and approach weight loss and 
erosion of glass-silicone laminate. Sta- 
bility against thermal shock, high 
strength to weight ratio, low thermal 
conductivity, strength retention for over 
300 hr at up to 500 F. Westinghouse 
Electric Corp., Box 2278, Pittsburgh 30. 


Circle 581 on Inquiry Card 
CHASSIS SLIDE 


Circulating-ball slide CB supports ap- 
proximately 1000-lb weight, evenly dis- 





the 
Available from 16 to 24 in. long in 2-in. 


tributed over bearing surface. 
increments and 24 to 60 in. in 6-in. 
increments. Dimensions, 14% wide x 
3 in. high. Chassis-Trak, Inc., 525 S. 
Webster, Indianapolis 19, Ind. 


Circle 582 on Inquiry Card 


GLASS-FABRIC 

EPOXY LAMINATE 

G-10 laminate comes as copper-surfaced 
Di-Clad 614 for printed-circuit boards 


or plain Dilecto 614. Advantages: flame 
retardancy, superior cold punching, 


ELECTRO-TECHNOLOGY 











rar Now NO-BLADE Stripping 


ELECTRICAL PORCELAIN 


makes wire damage 


UL: SPECIFIC NEEDS 


* = 
INQUIRIES ANSWERED PROMPTLY impossible! 
a 


THERMO-STRIP 


FOR PLASTIC INSULATION 


e For use where absolutely no wire damage 
is permissible 
e Can operate continuously—no warm-up delay 
e Infinitely variable heat control—prolongs 
element life—reduces fumes 


KNOX PORCELAIN CORPORATION Especially designed to meet zero-defect 


KNOXVILLE |. TENNESSEE requirements in assembly of missiles 
components, aircraft, computers and other 
gts: precision electronic systems and instruments, 
” Circle 240 Inquiry | Card the new Ideal Thermo-Strip Hot Wire Stripper 
completely eliminates the possibility of nicks, 
breaking or disturbing of strands in even the 
finest wires. Not just a converted soldering 
iron, it is all new, light-weight, easy-to-use 
and safely removes all 

types of thermo-plastic 

insulation, including 

Tefion. 


eo RR eer ema nape ae nen a a Se BR 


COMPLETE... 
READY TO USE... 


Includes 50-watt 
transformer and tool 
of your choice. 

(Shown with Pincer 
mounted for high-speed 
production stripping.) 


j ia j 
Wailable.d ay 
d light to the life of vou poet! PINCER 
| Just grip wire, twist, and 
LONG LIFE—usually outlasts he einen on which 4 oy a ger matt 

it is used. Vibration shock proof—gives thou- : 
sands of peak. oper hours, STYLING—every re- aes a 
quirement covered red with wide variety of lens colors ~ See ar aout kent hee 
and shapes, lens imprints, ring finishes, etc.; adds put wire end in V-notch 
beauty to any product. SIMPLIFIES PRODUCTION— of electrode. 
only ¥%-inch hole needed—mounts with push-on Sold Through America’s Leading Distributors Elements may be formed for any 
speed nut or snap-fits into your panel... and SERV- IN CANADA: IRVING SMITH, Ltd., Montreal wire size or particular service. 
ICE—units made to your requirements, delivered to Wes an aw ane an an qrasenenesaresenananan 
ree ee oe schedules. . . quantities from PCLT As IDEAL INDUSTRIES, Inc. i 
Oo Sw ate 1008-D Park Avenue, Sycamore, Illinois 
FREE: omni-clow catalog, with detailed in- lala a [) Have your representative 
formation and specifications, and a sample OMNI- arrange a trial for me. [] Send data only now. 
GLOW. Write to us directly, or use the reader 
service card. 


merge i 


Mitastrial Devicas: Inc, 
vensey 


EDGEWATER NEW 





laa 
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DELAY RELAY? LOAD RELAY? 


BOTH! 





jet 


The Type A Silic-O-Netic 
Relay is a light, small time- 
delay relay. It weighs a mere 
three ounces, gives you any 
delay you spec from 0.25 to 
120 seconds. Keeps at it, too, 
for several million opera- 
tions; the time-delay element 
cannot stick, bind, or wear. 


* 


The Type A Silic-O-Netic 
Relay is a light, small load 
relay. The continuous-duty 
coil does the trick. The Silic- 
O-Netic can be energized 
continuously, eliminating 
lock-in auxiliary circuits. 
Saves wire. Saves work, 
Saves space. Saves money. 


Here, then, is a time delay relay that doubles as a load-carrier. 
The Type A offers SPDT or DPDT switching, with contact capac- 
ity up to three amps. Consumes, at most, two watts of AC power, 
three watts of DC. Available for use on one of twenty standard 
AC and DC operating voltages, and on request, for others. Costs 
far less than the two relays you would need to replace it; well 
worth a closer look. Write for Bulletin 5003. 


HEINEMANN ELECTRIC COMPANY 


101 BRUNSWICK PIKE 


@B 


TRENTON 2, NEW JERSEY 


SA 2377 
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solvent resistance. Meets NEMA G-10, 
FR-4; MIL-P-13949B, Type GF. Pend- 
ing MIL-P18177B, Type GEE. Conti- 
nental-Diamond Fibre Corp., Newark, 
Del. 

Circle 583 on Inquiry Card 


GLOW-DISCHARGE VOLTAGE- 
REGULATOR TUBES 


Types VX62 and VX64, miniature glass 
envelope, provide regulation at 95 and 
150 volts, respectively, with 100-,amp 
to 5-ma current range. Operation from 


55 to +-75 C. Minimum life, 1000 hr. 
Size, 0.400 in. x 1.880 in. Victoreen 
Instrument Co., 5806 Hough Ave.. 
Cleveland 3. 

Circle 584 on Inquiry Card 


PROXIMITY LIMIT SWITCH 


Model 1500 pickup, 11% in. x 1% in. x 
4%, in., is highly sensitive to ferrous 
and non-ferrous metals. Distortion in 
a-c field is sensed by pickup and volt- 





age is developed which is used to oper- 
ate a relay in the control unit. Elec- 
tronic Signals, Inc., P. O. Box 3811. 
Cleveland 10. 

Circle 585 on Inquiry Card 


POTENTIOMETER 


Model 5010, 1% in., 10-turn unit with 
infinite-resolution conductive-film ele- 
ment comes in resistances from 5 to 500 
k ohms. Starting torque, 0.2 in.-oz. 
Linearity, 0.05 per cent. Life, over 10 
million revolutions. Mechanical rota- 
tion, 3600 +-20 deg. Electrical func- 


ELECTRO-TECHNOLOGY 


hermetic seal - leakage rate - 1x 10 cc/sec 


AMPHENOL Can do it. Sealed electrical penetrators for space simulator chambers are currently be- 


ing produced with a leakage rate lower than 1x10°9 cc/secJampHenot) Interstage and other missile 
connector types are also being provided for every major missile program. Connectors up to a foot 
in diameter with 175 individually sealed contacts have been manufactured for ultra-reliable sys- 
tems. ampueno. For less exotic applications, AMPHENOL supplies every type of hermetically sealed 
electrical connectors: MS-type receptacles with AMPHENOL-developed ‘‘Identoseal”’ contact identi- 
fication, ¥" square Micro Mod receptacles with 12 contacts on .075” centers, and a wide variety 
of special and general purpose connectors. Maximum permissible leakage rate in standard con- 
nectors is 1x10 cc/sec. Write for full information On AMPHENOL’S capabilities in this highly 
important field. 





























































THERMOCOUPLE ALLOYS 


a complete family 

of time-tested materials 
developed especially to meet 
your particular application 
requirements 


Chromel-Alumel 








Remarkable alloys, Chromel and Alumel—in many more ways than one. 
For although they were discovered over 50 years ago, they’re still new 
today. As new as the newest need for accurate temperature measurement — 
still the only base metal thermocouple alloys known that have proved their 
reliability over the entire range of temperatures from —300° up to +2300°F. 
What’s more, in addition to the original standard materials guaranteed 
to register true temperature-emf values within +4°F. from — 300° up to 
+530°F. and within +0.75% from +531°F. up to maximum recommended 
operating temperature, they are now available in the following special grades 
to meet the exacting requirements of your particular applications: 


A special grade of Alumel wire 
possessing outstanding resist- 
ance to oxidation at high temper- 
atures. Developed especially for 
use in such atmosphere appli- 
cations operating above 1600°F. 


Specially processed Chrome! and 
Alumel thermocouple grade wires 
matched to closer than standard 
emf tolerances for applications 
requiring accuracy within +5°F. 
at temperatures above 1000°F. 


Specification 36-161 


Guaranteed millivoltage Chromel . . Guaranteed millivoltage Chromel 
and Alumel thermocouple grade and Alumel thermocouple grade 
wire specially processed to pro- alloys supplied in the form of hot 
vide a smooth, bright, semi-hard rolled rod and cold drawn wire 
material properly tempered for specially processed to obtain 
coid-heading operations. proper temper for machining. 


| fe | 





4445 Lawton Avenue ° 


*The words ““Chromel” and *‘ Alumel’ 


Specification 3G-115 


Chromet and Alumel thermocouple 
grade material of guaranteed emf 
that is specially processed to close 
resistance limits. Typical uses in- 
clude measuring exhaust tem- 
"peratures of jet aircraft engines. 


A special grade of Chromel and 
Alumel thermocouple wire devel- 
oped for use in nuclear reactor 
applications. Has good stability of 
emf during long time exposure at 
temperatures up to 1000°F. 


Complete New Catalog-Manual contains detailed in- 
formation on the entire family of Chromel-Alume] 
thermocouple grade alloys—plus much helpful tech- 
nical application data. Write for your copy today! 


’ are registered trademarks of 


Detroit 8, Michigan 


In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Producers of Custom-Quality Resistance, Resistor and Thermoelectric Alloys Since 1908 








tion angle, 3600 +5 deg. Temp range, 
55 to +150 C. Power rating, 2 watts 
up to +75 C, derating linearly to 0 at 
+150 C. Computer Instruments Corp., 
92 Madison Ave., Hempstead, L. I.. 

NY. 
Circle 586 on Inquiry Card 


ELAPSED-TIME METER 


Type BH-351 indicates total time that 
a particular circuit is energized and is 
suited for tube-replacement programs 
and maintenance scheduling of elec- 





trical equipment. Six register wheels 
indicate up to 99,999.9 hrs. Operates 
on 120 or 240 volts, 50/60 cps. West- 
inghouse Electric Corp., P. O. Box 2099, 
Pittsburgh 30. 

Circle 587 on Inquiry Card 


THREADED-INSERT 
CONNECTOR 

“Clinch Inserts” are installed in plastic 
parts after molding by placing a ter- 
minal or contact strip over an eyelet 
and then crimping the eyelet over the 


a> 








terminal. A 6-32 insert provides 18 in.- 
lb min torque and 240-lb average pull- 
out strength. Available in Sizes 4-40 
through 8-32 with 0.040- and 0.064-in. 
eyelet heights. Phelps Manufacturing 
Div., Heli-Coil Corp., 288 Shelter Park 
Lane, Danbury, Conn. 

Circle 588 on Inquiry Card 


INDUSTRIAL-CONTROL CABLE 


“Vulkene” cable with chemically cross- 
linked polyethylene insulation combines 
electrical properties of polyethylene 
with thermal properties said to be 
superior to those of heat-resistant rub- 
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"Qual wheal lhe dodler ordered!” , 


TABE WR TRANSISTORIZED 4. 
AMPLIFIER SYSTEMS _ a walk 


You're the doctor when it comes to TABER TRANSISTORIZED™ ene ass 
AMPLIFIER SYSTEMS. You name it and we'll ship it to 

you from stock or we’ll custom design and produce it for you if 

you desire quantities. However, you'll probably find exactly 

what you want when you see our complete line folder. 


Write for 
Complete 
- Line Folder 


TABER 
INSTRUMENT CORPORATION 
“Where the Accent is on Accuracy & Feobiability” 
Section 165 107 Goundry St. North Tonawanda, N. Y. 
Telephone: NX 3-8900 TWX-TON 277 
Circle 283 on ‘ety Card 


ALL Dicits 
CAN BE 
READ FROM 
ANY Yes 


Series 10000 


VOLTAGE 
CURRENT 


PROGRAMMABLE 


CROSSOVER r. ME Over 1000 


Model 4005 is a 1-40 volt, firms throughout 
500 ma, regulated DC the world in just a 
$143°° power supply incorpo- few years prove 
a ee eee 
F.0.8. circuit wi The IEE digital d acceptance o 
sacroay switch automatically to digit right - front, visible = = IEE digital 
either voltage regulation or angle. Vision is unimpaired by readouts. 


Other Models current regulation at any stacked characters and sharp, clear- 
Available point predetermined by the white digits provide high-contrast, 
Write For operator, with continuous error-proof reading. Use of words, pice S$ 4 B00 
Catalog control of voltage or cur- —_ . nd — projections offer CQMPLETE 
*T™ rent to .05%. So QUANTITY PRICES ON REQUEST 
|  Binary-To-Decimal Decoders Available. WRITE TODAY FOR 


oe 7 
Po Representatives in Principal Cities COMPLETE SPECIFICATIONS. 


1700 SHAMES DRIVE 
WESTBURY, NEW YORK 
EDgewood 3-6200 (LD Area Code 516) 
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ELECTRONIC — 
SEAM 
WELDING 


fastens with parent-metal strength. 








Here’s the newest technique in electronic welding — 
automatic spot or seam welding from the 

same power supply! Weldmatic’s new Model 
SA-3010 Varimatic Seam Weld Control 

connects to 115 volts a.c. and any Weldmatic 

power supply to give you these six advantages : 


Structural seam welds with original parent-metal strength 


30 to 180 welds per minute at a 
continuous adjustable rate 


Ideal preliminary fastening of metals 
prior to final assembly 


Quick fastening of strips and protective 
plates (Thermocouples, etc.) 


Joining of very thin (1 mil) 
hard metal screens or sheets 


Hermetic sealing is possible 
with proper fixturing. 


For complete 
information, write 
WELDMATIC. 
Ask for the new, 
free 24-page 
General Catalog 
with details on 
SEAM 
WELDING 

















UNITEK Corp. 


WELDMATIC DIVISION + 950 Royal Oaks Drive, Monrovia, California 
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bers. For use in air, conduit, under- 
ground ducts or direct burial. Useful 
for high-ambient temperature applica- 
tions. Available with 600- or 1000-volt 
rating in 2 through 12 conductors in 
sizes 14, 12 and 10 AWG. General Elec- 
tric Co., Chemical and Metallurgical 
Div., Bridgeport 2, Conn. 

Circle 589 on Inquiry Card 
HIGH-FREQUENCY 
POTENTIOMETER 
Model R potentiometer is suitable for 


use in circuits with frequencies to 10 
me with minimum distortion. Rotational 





0 


life is 100,000 cycles; operates over 
temperature range of —55 to +-125 C. 
In 2- and 3-watt ratings; resistance 
values range from 100 ohms to 5 meg- 
ohms. Reon Resistor Corp., 155 Saw 
Mill River Rd., Yonkers, N. Y. 

Circle 590 on Inquiry Card 


METAL ADHESIVE 
NAMEPLATES 


“Autographs” of 0.016 in. anodized 
aluminum have copy color-lithographed 
or indented, with baked lacquer over- 
coat. Adhesive is solvent-activated. 
Metalcraft, Inc., 1619 S. Federal. 
Mason City, Iowa. 

Circle 591 on Inquiry Card 


NULL INDICATORS 
MM-1 and MCE-1, miniature and edge- 


wise indicators, employ core magnet, 
self-shielded mechanisms providing high 
sensitivity at null point and sharp 
square-law attenuation away from cen- 
ter. Sensitivities: 4, 1 and 2 pamp at 
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CROUSE / HINDS 


fi 
ARIE roe ELECTRICAL ¢ 


FIRST 


in the field with these 


outstanding features... 


FIRST to meet and exceed the requirements of 
MIL-C-5015D, MIL-E-5272 and MIL-E-4970 ina 
single series. 


FIRST to offer positive polarization in all 
configurations — both power and control — through 
non-symmetrical contact arrangements. This 

is an exclusive feature. 


FIRST to eliminate the need for special tools or 
fixtures for maintenance and assembly. Also 
exclusive. 


FIRST to offer snap-in contacts in all sizes up 
to and including 4/0... with crimp, pressure 
and solder-well terminations. 


These features — proved by performance in 
scores of military and industrial applications — are 
backed by many others: 


Interchangeable and reversible com- 
ponenis, doubling scope of equipment. Both 
plug and receptacle may be used ‘hot’ or 
‘dead’. Fast, easy, error-free assembly, with 
soldering done outside . . . before insertion 
of contacts. 


ARK-tro!l Connectors are available as ZY 
follows: Shell sizes from 1K,” to 2%” diam. 
Voltages: Military Service Ratings A, D, E, B, 

C and Instrument; NEC Rating 600V. A.C. 
Contact sizes #16 to #4/0 inclusive. 


Type RPE Environmental is moisture proof, 
shock and vibration resistant; dust, gas and air 
tight; corrosion and chemical resistant; and 
available grounded or ungrounded. 


Type RPC Circuit Breaking has all the 
features of RPE ... and in addition is circuit- 
breaking under full load. 


Ag 


Write for Bulletin 2711 containing complete 
descriptions, specifications and configuration patterns 
for both Type RPE and RPC ARK-trol Electrical Connectors. 


CROUSE f 


OFFICES: Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincnnati Cleveland Corpus Christi Dallas Denver Detroit Houston a Kansas City 
los Angeles Milwaukee New Orleans New York Omoha Philadelphia Pittsburgh Portland, Ore. St.Lovis St. Poul Salt loke City San Froncisco Seattle Tulsa Washington 
RESIDENT REPRESENTATIVES: Albony Boltimore Reading, Pa. Richmond, Va. 

Crovse-Hinds of Ceneda, Lid., Toronto, Ont. Crovse-Hinds-Domex, $. A. de C. V. Mexico City, D. F. _ Peterco, See Pevie, Braz 


APRIL 1961 Circle 249 on Inquiry Card 













Series 3005 D.C. 
4 P.D.T., 10 Amperes 





Series 1005-2-3 
A variety of headers 


and brackets 
3 amps. @ +125° C. 


O} 


Series 2505 D.C. 
6 P.D.T., 5 amperes 


M.S. APPROVED RELAYS 


For complete Military Standard 


approved controls in missiles, satellites, 


weapons systems and aircraft... 


specify Guardian. For highest quality 


relays, solenoids, steppers, switches 
and complete control assemblies in 
communications, computers, data 
processing equipment, business 


machines, vending, lighting, and other 


applications . . . specify Guardian. 


for missiles and 


AIRCRAFT 


Conteolse tor INDUSTRY 





No. 32 D.C. Solenoid 
Life Tested to 20,000,000 cycles 


= 





Rotomite Stepper 
12 positions. 20 steps per second 





Series 670 ot 
Impulse Relay Low Cost—Long Life. 


Write for information on these and other Guardian Controls. 


GUARDIANW 


MANUFACTURING COMPANY 


1552-D W. CARROLL AVENUE, 


ELECTRIC | 


CHICAGO 7. ILLINOIS 


“Everything Under Control’ 


Circle 250 on Inquiry Card 


null point, 100, 200 and 500 pamp at 
end of scale. Meter Div., 
Minneapolis-Honeywell, Grenier Field, 
Manchester, N. H. 

Circle 592 on Inquiry Card 


Precision 


SOLENOID 

Type PS derives high-force character- 
istic from dual-wound coil. High-surge 
pull-in winding starts plunger in mo- 





tion. Low-drain winding holds plunger 
in seated position. Anderson Controls. 
Inc., 9959 Pacific Ave., Franklin Park. 
Til. 

Circle 593 on Inquiry Card 


VACUUM COAXIAL RELAYS 


Relays. for high frequencies and power 
levels. handle up to 15 kw peak at 600 
me. Vacuum guarantees permanently 
low contact resistance. Type RC41-CA1. 





illustrated, has power rating of 2 kw 
average at 30 mc and a frequency range 
of 0 to 600 mc. VSWR is 1.05:1 max 
with greater than —30 db isolation at 
400 me. Jennings Radio Manufacturing 
Corp., P. O. Box 1278, San Jose 8, 
Calif. 

Circle 594 on Inquiry Card 


VARIABLE-SPEED DRIVE 


Type 5 VA drive offering speed ratios 
up to 10:1, from 4 to 10,000 rpm, is 
available in 14, 4, 1%, 34 and 1 hp. 
three phase and single phase, 60 cps. 
In 14 hp, 14% in. high x 814 in. wide; 
weight, 63 lb. U. S. Electrical Motors. 
Inc., P. O. Box 2058, Terminal Annex, 
Los Angeles 54. 

Circle 595 on Inquiry Card 





(Continued on page 256) 
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THE AMPLEXOLOGIST 


powders a price tag 


Originally, the part shown (double V pul- 
ley) was designed to be machined from 
steel. But before it was incorporated into a 
new model the Amplexologist was called 
in. Result: the part was designed for 
powder metal and is now produced as a 
finished precision part which requires no 
machining. Estimated saving 82%. Sound 
interesting? Call the Amplexologist! 


/ @ AMPLEX 
- DIVISION 


a 
ae DETROIT 31, MICHIGAN 


oS 


SEND FOR THE SECRET q ENGINEERING MANUAL 2 NEW BEARING STOCK LIST 
OF THE 45 pages of technical information: How 20 pages. 1066 standard sizes of Oilite self- 
to determine correct applications for lubricating bearings— bearing material. 


AMPLEXOLOG/ST’S SUCCESS powder metal parts, bearings, filters. Selection guide, engineering data. 


ita 
Circle 300 on Inquiry Card 


NEW... POS-E-KON 


Trademark 


PRINTED BOARD CONNECTORS 


For Flat Conductor Cable 
and Flexible Etched Circuitry... 


Direct cable-to-board 
contact accomplished in 
seconds... no soldering. 
For details on available 
designs, write to The 
POS-E-KON Division, 
The Thomas & Betts 
Co., Elizabeth 1, N. J. 
(In Canada, Thomas & 
Betts Ltd., Montreal). ©& 


Ask For Publication P2-39 


TzB | THOMAS & BETTS 


ENGINEERED 
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Designers of Military and Other Precision 
Applications of Flat Conductor Cable 
now use... 


POS-E-KON 


Trademark 


SOLDERLESS 
CONNECTORS 


Flat Conductor Cable 
to Round Wire 

Reliable POS-E-KON , 
connectors feature direct 

conductor contact—easy 

assembly — reduced 

weight and bulk. Stand- 

ard designs available now 

for interconnecting or 

terminating flat multi- 

conductor cable or flex- 

ible printed circuitry. 

Write to The POS-E- 

KON Division, The 

Thomas & Betts Co., 

Elizabeth 1, N. J. (In 

Canada, Thomas & Betts 

Ltd. Montreal). 


Flat Conductor Cable 
to Printed Circuit Board 


TzB | THOMAS & BETTS 


ENGINEERED 
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ELECTRICAL 


ENCLOSURES* 


b>YKIRK . HLUM 


One or one thousand, from a small 
timer case to a huge control panel, Kirk 
and Blum produces all kinds of metal 
enclosures, quickly and economically 

Complete facilities for fabrication of 
sheet steel, plate, light structurals, stainless, 
aluminum, monel, and other alloys. 

Send your prints to Kirk and Blum for 
prompt quotation. More detailed 


information is available in new literature 


describing fabrication facilities and experience. 


Write to: The Kirk and Blum Mfg. Co., 
3122 Forrer Street, Cincinnati 9, Ohio. 


CONTRACT MANUFACTURING FACILITIES for: 


Control Desks @ Boiler, Turbine and Generator Control 
Panels © Power Distribution and Control Panels 

© Switch Gear Housings @ Cubicles ¢ Instrument 
Panels © Machine Bases ¢ Electrical Enclosures ¢ 
Breechings ¢ Transformer Enclosures © Air Ducts © 
Stacks ¢ Weatherproof Housings © Hoppers 


KIRK « BLOM we 
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DUE Ve, 


FUSE AND HOLDER 
GMT fuse and HLT holder for multiple- 


mounting of fuses in small places can 
be panel-mounted on 14 in. diam. Open 





fuse flashes colored flag and spring 
contacts alarm circuit. Bussmann Mfg. 
Div.. MeGraw-Fdison Co., University 
at Jefferson, St. Louis 7. 


Circle 596 on Inquiry Card 
HERMETIC-SEAL HEADERS 


Type FT, terminal feed-through, sub- 
miniature headers provide a high-reli- 
ability, hermetic seal from —325 to 





|-1200 F, at high pressures and also 
may be used in nuclear environments. 
Physical Sciences Corp., 389 No. Fair 
Oaks Ave., Pasadena, Calif. 

Circle 597 on Inquiry Card 


ETCHED LAMINATED 
CIRCUITS 

Multi-layer circuits etched from copper- 
backed glass epoxy are bonded together. 
Clearance holes allow terminal connec- 





tion to pads on each layer. Thickness 
of copper and epoxy varied to require- 
ments. Minimum thickness, 0.004-in. 
laminates separated by 0.002-in. adhe- 
sive. Capacitance, uniform +10 per 
cent throughout. U. S. Engineering Co., 
Div. of Litton Industries, 336 No. Foot- 
hill Rd., Beverly Hills, Calif. 


Circle 598 on Inquiry Card 
REMOTE RELAY 


Series 4175, a-c/d-c, bi-directional, 12- 
position, sequence relay for remote op- 
eration of appliances, has operating 
speed of 40 millisec min. Other coil 
ratings include 5000-ohm impedance, 
drop-out of 0.003 amp, d-c input of 
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1/25 sec. 
to 1/35 sec. 


Hermetically Sealed Circuit Selectors 
and Stepping Switches contain an at- 
mosphere of dry nitrogen which provides 
a permanent environment for the opera- 
tion of the switch. They are designed to 
meet MIL-E-5272A, and will withstand 
extreme moisture and high altitude con- 
ditions in military and industrial instal- 
lations. Sealed Switches are available in 
various wire sizes for operation from 6 
to 350 VDC. Self-contained plug-in 
types allow rapid field installation. More 
than 3000 standard designs are shown 
in Bulletin D-460. 

Other Ledex products include Rotary 


APRIL 1961 


Circle 254 on Inquiry Card 


Ledex 
ealed Rotary Switch 


BASIC 


INFORMATION 


AN Connector Solder Header 


Solenoid, Syncramental Stepping Motor, 
Digimotor Stepping Motor and Indexing 
Device, Rotary Solenoid Selector Switch, 
Digimotor Selector Switch. 

Switching applications include circuit 
selecting, stepping, counting, program- 
ming and sequencing. 

Mechanical applications of other Le- 
dex products include actuation of valves, 
vanes, printers, shafts. Write for litera- 
ture, mentioning application, to Ledex 
Inc., Dayton 2, Ohio; Marsland Engi- 
neering, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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40 Amp. Capacity i in 7 /16” C. C. eee 
Same As Most 15 Amp. Barrier Strips 


Buchanan has this ... and more. No 
terminals, no lugs, fewer wiring prob- 
lems when you use Buchanan sectional 
MD pres-SURE-blocks with tubular 
contacts. And, you can group more 
common wires—equal to 1 #22 thru 


different snap-fit parts build any 
length Buchanan MD block .. . with 
more “wanted” features than conven- 
tional blocks. Strap screw contacts also 
available. Write now for Bulletin EM-4. 
Tubular contacts listed by UL. 


Blocks listed for 600 volts by CSA. @y @ 


U. S. Pat. No. 2,922,139 





1 #8—under a single contact. Just 2 
BUCHANAN ELECTRICAL 
PRODUCTS CORPORATION 
HILLSIDE, NEW JERSEY 


in Canada: ESNA CANADA LIMITED, Toronto /é 


Booth 720, Design Engineering Show, Detroit 
Circle 255 on Inquiry Card 
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You'll be in good company... 
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Pressure-Sensitive, Anodized Aluminum Foil 


NAMEPLATES 


Certified to meet all 
MIL Specs. 
IMMEDIATE 
DELIVERIES 
FOR FREE SAMPLES 
and your nearest 
sales representa- 
tive, contact ... 


tif i 
ni 


Sy WEAR EVER pr 


@ HOT or COLD #3 
aE Fo raorare 
Ltt? enter 
Ba y.\ Noi nat 


La ONT A ea 


A Division of Anodyne, Inc.) 


Pa Ame Oem ete ae 


New York Office: 214-27 Northern Bivd. Bayside 61, N. Y. 
side 4-4000 « Teletype: NY4 -1975 + Cable: Norplate * TWX: LPT 


Nan 


ee 


i ed 


oe eseame UL te ie mee eh 


CILLA, cr ia tm Me naan 


a2 bic hes elthis Sel 


258 Circle 256 on Inquiry Card 








0.020 amp min. The Lionel Corp., Elec- 
tronics Div., Hoffman P1., Hillside, N. J. 


Circle 599 on Inquiry Card 
BAR SWITCH LIGHT 


Series 34 light is available in normally 
open or closed contact arrangements 
such as 1, 2 or 3PDT and 2, 3, 4 or 





6PST. Rating, 28 volts d-c, 2 amp 
resistive. Double-break, non-snap silent 
action. Dimensions, 4%4 in. long x 1 in. 
wide x 234 in. deep. Even distribution 
of light across surface of 3 x 34 in. lens. 
Pendar, Inc., 14744 Arminta St., Van 
Nuys, Calif. 

Circle 600 on Inquiry Card 


POWER TETRODE 


PL-4-65A, 65-watt unit, is suitable for 
use as r-f power amplifier and oscillator 
and a-f power amplifier and modulator. 





Operable with full input at frequencies 
to 150 mc. Penta Labs., Inc., Santa 
Barbara, Calif. 

Circle 601 on Inquiry Card 


CONSTANT-VOLTAGE 
TRANSFORMERS 

Static-magnetic transformers maintain 
output voltage within 1 per cent with 
input fluctuation up to 15 per cent. 
Operates on principles of ferroreso- 
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Fiminat ‘high- nh specials’ by standardizing 
on AMERICAN STOCK GEARS 


Investigate and you'll probably find that instead of 
having to go to the added time and expense of ordering 
special gears, that your needs can be filled from the 
American line. 

American is a complete stock gear line. It includes 
brass, bronze, steel, semi-steel, cast iron, and non-metallic 
gears in a range of 48 to 3 diametral pitch. Available from 
your nearby distributor of American Stock Gears. 

Ask for FREE copy of American Stock Gear Catalog No. 360 
containing detailed information and engineering data. 


AMERICAN STOCK GEAR division 
Perfection Gear Co., Harvey, Illinois 
Circle 257 on Inquiry Card 


DYKEM 
STEEL BLUE 


8-oz. can ed with 

Bakelite cap holding 
soft-hair brush for ap: = 
plying right at benc 


making Dies and 


Oui) tebe 


layout in a few minutes 


prevents metal glare. In- 
creases efficiency and 
1 accuracy. 


Write for sample 
THE DYKEM COMPANY 


Circle 258 on Inquiry Card 





SINGLE ¢ DOUBLE « TRIPLE 










For Class 8 
Class F 
Class H 

operation 


(Please specify) 


Coto-Cois 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. }. 
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metal surface ready for = 
| The dark blue background = 


, makes the scribed lines = 
show up in sharp relief, = 


on company letterhead = 





2303F Nerth 11th St. . St. Louis 6, Mo. = 


Cais for Contact Capsules 





for long-life operation 
despite extreme temperatures, 
heavy shock, severe vibration ) 


CLARE Type F 


subminiature crystal can 


RELAY 


This hermetically sealed relay—no bigger than 
a postage stamp—is a precise component of 
unusual flexibility, capable of long-life opera- 
tion under a wide variety of contact loads. 

The Clare Type F is extremely fast and more 
than moderately sensitive. It is built to with- 
stand temperature extremes, heavy shock and 
extreme vibration. It has proved its usefulness 
to advanced circuit designers. Contacts, rated 
at 3 amperes, are excellent for low-level circuit 
applications. Terminals are designed for 2/10 
inch grid spacing. 

In a variety of terminal and mounting designs, 
the Clare Type F Relay is of real value for both 
commercial and military applications. 






for complete data on construction, cir- 
cuitry, performance characteristics, 
mountings...write for Catalog 203. 
C. P. CLARE & CO., 3101 Pratt Bivd., 
Chicago 45, Illinois. In Canada: C. P. 
Clare Canada Ltd., 840 Caledonia 

Road, Toronto 19, Ont. Cable ad- 

dress: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Contro/ Components 


Circle 260 on Inquiry Card 259 








e Traveling 








VERTICAL eons 
amrines Ole 


TGCERING save 
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find 


The Type 321 plus average bag- 
gage is normally within 40-pound 
allowance. Its size is within usual 
limits for items carried aboard 
commercial airliners. 


Photographed at Portiand International Airport, courtesy of United Air Lines 


NEW TRANSISTORIZED OSCILLOSCOPE 


Tektronix Type 321 This portable electronic tool operates any- 
where—on its self-contained batteries, on external 11.5 to 35 volts dc, and on 117 
or 234 volts from 50 to 800 cycles. Its dc-to-5 mc frequency response and com- 
patible companion features are adequate for field measurements and waveform 
observations in complex electronic equipment. 

The Type 321 weighs only 1344 pounds without batteries—less than 17 pounds 
with rechargeable cells. It measures only 834” high, 534” wide, 16” deep, has built- 
in battery charger. Your Tektronix Field Engineer would like to demonstrate this 
convenient oscilloscope in your applications. Call him today. 





A four-page foldercovering © Type 321 without batteries ....... $785.00 
complete specifications of ®¢ Rechargeable 4.0 ampere-hour 
the Type 321 is available @ RI Goo ces co Foueaesh 61.00 
re from your Tektronix Field @ Rechargeable 2.5 ampere-hour 
F Office. . RE OU iin sh vinchoisocdnne 36.50 
(prices f.0.b. factory) 
. 
Tektronix, Inc. 
P.O. Box 500 Beaverton, Oregon Phone Mitchell 4-0161 TWX—BEAV 311 ° Cable: TEKTRONIX 
TEKTRONIX FIELD OFFICES: / ue, N. Mex. © Atlanta, Ga. » Baltin ron Md. « B 


TEKTRONIX ENGINEERING REPRESENTATIVES: Haw! 


In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.lI., for the address of the 
Tektronix Representative in your country. 
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nance, no separate saturable reactors. 
Outputs are 6.3 or 118 volts d-c. Avail- 
able in horizontal or vertical mounting, 
open cases with output capacities of 15, 
30 and 50 va. Neshaminy Transformer 
Corp., Neshaminy, Pa. 

Circle 602 on Inquiry Card 


INSTRUMENT TRANSFORMER 


High-permeability, low-loss nickel-steel- 
core unit has total harmonic distortion 
of less than 0.1 per cent at 5 watts and 
less than 0.03 per cent at 0.1 watt. 





Encased in sealed metal can and de- 
signed to meet MIL-T-27A. Impedence 
ranges from 600 to 9600 down to 37.5 
to 600 ohms. Frequency for 1-db drop 
ranges from 2 cps to 180 kc. Insertion 
loss, less than 1 db. Dimensions: 3 in. 
long x 3% in. high x 1% in. wide. 
Newport Scientific Co., 638 W. 17th 
St., Costa Mesa, Calif. 

Circle 603 on Inquiry Card 


REFUSABLE CHASSIS 


“Allmount” chassis of heavy gage alu- 
minum alloy is collapsable for storage 
and comes with adapter plates which 





<q 7 


convert octal socket mountings to 7- to 
9-pin miniature sockets. For bread- 
boarding and demonstration purposes. 
Wittek Products Co., 14750 Keswick 
St., Van Nuys, Calif. 

Circle 604 on Inquiry Card 


SEALED ADJUSTABLE KNOB 


Miniature O-ring knob for sealed preci- 
sion instruments such as potentiometers, 
thermostats and adjustable timers seals 
shafts or tubes with 0.080 to 0.120 in. 
OD. Waterproof, vibration resistant, 
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HTeTek- ha ALLIANC i> 


1. New Synduction Motor—A low cost syn 
UO MMC MINA Ci CM icr CCE 
shaded pole price. Constant speed for phono 
graphs, tape recorders, chart drives, timing 
devices, etc 

2. “L" Motor—Shaded pole motor for type 
CCA ME STN CR SMUT Lam 

3. “H” Motor—High starting torque, compact 
nium me eM eMC Lt) od 

4. “J$G" Gearmotor—For rotisseries, vend 
ing machines, remote controls, etc 

ee A) eee ce Mme ect a 
fans, heaters, pumps, recorders and many 
others 


For the industry’ most complete line of Sub-Fractional HP Motors 


Alliance, world’s largest producer of sub-frac- Sfarting 
tional HP motors, offers the widest choice of standard Made eens toed fone | ee ee eee 
and custom models, faster service, more for your money. _Synduction | 117 | 1.0 27 | 0 | 1 Lb. 14 Oz.” 
Used in leading makes of phonographs, tape recorders, a 417 + 65 | 12 4tbs. 
appliances, business machines, animated displays and eS WT | 10 | 31 | i Lb. 6 Oz. 
other products—all can be customized to your own JSG ‘417 ne AO | 25 | 12 iLb. 7 Oz. 
specifications. JIS a 17 | 2. 70 0 | 67 ae 00 1 ‘Lb. ». 13 | Oz. 5 


Write for complete catalog—price quotations upon request ALLIANC EE 
The Alliance Manufacturing Co. Inc., Alliance, Ohio 
(Subsidiary of Consolidated a eae ‘industites Corns MOTORS 
Circle 262 on Inquiry Card 








TAURUS 
PUNCHED 

CARD. 
SENSORS 


Reads Entire "F 
Punched Card 
Serr i} 


Simple Switching Using 
Standard Punched Cards 


Taurus Punched Card Sensors statically 
read entire standard 1.B.M. or Remington 
Rand punched cards. 

Each hole position has a corresponding 


a - 
closed switch, and each unpunched hole 
position has a corresponding open 
switch when the Sensor is actuated. 


Used for Automatic Test Equipment and 


. 7 e * 
other automation devices. vate ; Built to your Drawings and Specifications 
aurus also produces a complete line o 
Standoff and Feedthru Terminals insu- SEND US YOUR INQUIRIES 
lated with Tefion*. "nec. 7.™, OF &. 1, OUFONT 


Write for FREE Descriptive Literature 
a TT \URUS Corporation 2725 CORY AVE., AKRON 14, OHIO 
ebm Y MLE LS 
LAMBERTVILLE, N.J. 
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FOR PRECISE 
400-CYCLE POWER 


Specify Kearfott 





Kearfott 60-to-400 cycle motor generator 
frequency converters are in active use 
wherever precise 400-cycle power must be 
supplied . . . including laboratories and in 
such other representative applications as 
production testing, high speed tool opera- 
tion and ground support. These generator 
systems, which consist of a 60 cycle syn- 
chronous motor and a 400 cycle generator, 
can be supplied with controls and generator 
as an integral, compact unit—or with con- 
trols and generator separately located. 


PERFORMANCE SPECIFICATIONS 


Frequency: 400 cycles under any rated load condition with 60 cycle input. 


Voltage Regulation: Within +1% of rated voltage when (1) load varies 
between no-load and 125% of rated load, and/or (2) load power 
factor varies between 0.8 lagging and unity, and/or (3) equipment 
temperature varies after approximately 10 minutes’ operation. 


Voltage Recovery: When rated load is suddenly applied or removed, voltage 
will return to and remain within regulating band within 0.25 seconds. 


Voltage Adjustment: Continuously adjustable to +10% of rated value. 
Deviation Factor: Maximum 4% between no load and full load. 
Overload: Equipment delivers 125% of rated load for 2 hours. 


Amplitude Modulation: Maximum 1% of peak-to-peak voltage at any load 
between no load and full load, at any power factor between 0.8 
lagging and unity. 


Frequency Modulation: Maximum 0.5% at any load from no load to 125% 
of rated load. 


KEARFOTT DIVISION 


» GENERAL PRECISION, INC. | 





Little Falls, New Jersey 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 

South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Motor Generator Set Systems 











withstands up to 35 psi, life tested for 

100,000 rotations. Joseph Waldman & 

Sons, 133 Coit St., Irvington, N. J. 
Circle 605 on Inquiry Cara 


FOOTSWITCH 


Two “Clipper” switches, mounted on 
common base, provide momentary con- 
tact for SPDT circuits rated to 20 amps, 
125 to 250 volts a-c and 1 hp, 115 to 230 





volts a-c. Other contact variations avail- 
able. Size, 834 in. wide x 41% in. deep x 
11% in. high. Linemaster Switch Corp.., 
432 Woodstock Terrace, Woodstock, 
Conn. 

Circle 606 on Inquiry Card 


MINIATURE FRAME-GRID 
TUBES 


Tubes with high transconductance and 
low noise contain frame grid which ap- 
proaches the ideal electrostatic control 
surface. Included are: 6939, double 





tetrode with 10,500 micromhos per sec- 
tion transconductance; 6688, pentode 
with 16,500 micromhos; 6922, twin 
diode with 12,500 micromhos per sec- 
tion; 5842, triode with 25,000 mi- 
cromhos; and 5847, pentode with 13,000 
micromhos. Raytheon Co., Industrial 
Components Div., 55 Chapel St., New- 
ton 58, Mass. 

Circle 607 on Inauiry Card 


PRECISION 
THIN-ALLOY PARTS 


Assurance of concentricity and uniform 
flatness for sheet-alloy parts is assured 
by having original photo-masters laid 
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DOUBLE T INDUSTRIAL SOLENOID 


NEW compact design — 

greater pull-power...20% faster cycling 

First time on the market— Controls Company’s 831 

series industrial solenoid. A new design with greater 

performance than some solenoids twice the size. Check 

these features: 

e Double T plunger design gives more-level pull char- 
acteristics without power drop-off 

e Frame and core protection by epoxy paint 

e Heavy-duty universal mounting bracket — mounts in 
any position without removing screws 

e Heavy-duty reinforced linkage 


Write for complete data. 


Kerem 


, e-3 Cuaalint Costarle for snes 


CONTROLS COMPANY OF AMERICA 
APPLIANCE AND AUTOMOTIVE DIVISION 
9551 Soreng Avenue—Schiller Park, Illinois» Cooksville, OntarioeZug, Switzerland 
Circle 266 on Inquiry Card 


ELECTRICAL INSULATING PAPER 


® Dielectric strength — 300 volts 
per mil 
® Tensile strength — 13 — 16,000 
Ibs./Sq. In 
“Glazed roll” finish — others available. 
Can be combined with other materials. 
Available in rolls, sheets or coils. 


® Density: 1.30 — 1.35 

® Thickness from .004” to .030” 
© 100% rag stock paper 

® No sizing or fillers used. 


High Performance Electrical Insulators 


COPACO — Highest grade 100% rag insulation paper 
COPAREX — Economical grade 100% rag insulation paper 


COPALAM — Class 8 asbestos — glass laminate insulation 
material 


Write for free samples, literature and name of 
nearest Coftrell representative. 


us Caper Company re 


10 Purchase St. Fall River, Mass. 
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NEW Grades 
in 
Laminated Plastics 


An Example of 
Synthane You-shaped Versatility 


There are 7 new much-wanted grades of Synthane 
laminated plastics. Four are flame-retardant— 
Grades FR-1, FR-2, FR-3, and FR-4. Three are 
the new high-temperature grades G-3HT, 
ARF-HT and AA-HT. 


These grades add versatility to the variety of 
Synthane grades offered for your convenience 
and from which you may now choose with the 
same confidence you have always had in Synthane 
as a source of supply. 


You-shaped Versatility makes Synthane a Better Buy in Laminates. 


Gentlemen: 
Please send me your Engineering Bulletins on: 
C] New Flame-retardant Grades C] New High-temperature Grades 


Name 





Address. 
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| /maxiTROL 
{ Selectrastat 


A PRODUCT OF MAXITROL COMPANY, SOUTHFIELD, MICHIGAN 


Maxitrol’s “Selectra’’ system puts an end to cycling of forced air gas 
furnaces through continuous modulation of the flame. Because the 
modulation operates electronically, there is no time lag when more or 
less heat is needed. Inside the Selectrastat, a tiny thermistor no bigger 
than a pencil lead senses the slightest variation (as little as 
1/10 degree) in room temperature. In less than one second it signals 
a printed circuit amplifier which immediately modulates the flame 
to provide the necessary heat. 


In addition to modulation, the Maxitrol Selectrastat performs a second 
important control function. The thermistor controls only the modulator 
valve. In mild or warm weather automatic shut-off action is achieved 
thermostatically. A Chace Thermostatic Bimetal element performs this 
function, acting as the upper limit switch. 


Maxitrol assures us that the Selectra system will give added con- 
venience, accuracy and dependability. Chace is proud to have its only 
product—Chace Thermostatic Bimetal—included in such a system. 
Many manufacturers specify Chace Thermostatic Bimetal because it, 
too, is famous for dependability . . . a dependability born of more 
than a third of a century of specializing in one product: Precision 
Thermostatic Bimetal produced to specifications. 


Sead Mow For Our Hew’ Information Gosklet’ / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types of 
Chace Thermostatic Bimetal are available in coils, strips and com- 
pletely fabricated elements of your design. 


, W. M. CHACE Co. 


Thermostatic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 
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out on planograph varying from 2 to 
12 times finished size. No hardness or 
brittleness said to be introduced to 
finished part. Dayton Rogers Mfg. Co.., 
2824 13th Ave. South, Minneapolis 7. 

Circle 608 on Inquiry Card 


HIGH-FREQUENCY 
AMPLIFIERS 


Series 30 vhf-uhf cavity amplifiers op- 
erate from 215 through 2325 mc. Power 
output, 2 to 50 watts. Filtering and 
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a 
$e Pas 
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shielding of power supply leads pro- 
vided. Components derated to provide 
extended trouble-free operation. De- 
signed for heat-sink mounting. Dimen- 
sions: 2.75 x 5.1 x 2.0 in. Resdel Engi- 
neering Corp., 330 S. Fair Oaks Ave., 
Pasadena, Calif. 

Circle 609 on Inquiry Card 


ANALOG 
MULTIPLIER-DIVIDER 


Type 33-5947 multiplier-divider is ap- 
plicable to analog process control used 
in industrial and military instrumenta- 
tion. It accepts three d-c analog input 
voltages, X, Y and Z, and forms an 
output proportional to XZ/Y. Unit may 
also be connected so as to square, find 
geometric means, extract square roots 
and solve quadratic equations. Solid- 
state device has frequency response of 
50 cps. Accuracies are + 0.5 per cent 
as a multiplier and + 1 per cent as a 
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This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 


You may select from four frame 

sizes, sixteen ratings from 1/100 

through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 


types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of 
R&M’s new bulletin 445-EM 


round body 
with resilient rings 


round body 
without resilient rings 
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resilient base mounting 


rigid base mounting 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellairg industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
Circle 270 on Inquiry Card 








CATALOG & 


266 


YOURS 
FOR THE 
ASKING 


38 PAGE 


TOROIDAL COIL AND BOBBIN WINDING MACHINES 


Coil Sizes: ¥%)” 1.D. to 14” 0.D. Wire Sizes: #50 to #7 AWG. Complete specifications 
on the latest in coil winding machines, tape winders, and accessories are presented in 
exceptionally clear fashion. Included are tables and templates which make the 
proper selection of shuttles, sliders, shuttle heads, mandrels, and pulleys easy, 
quick, and virtually fool proof. Of value to engineers concerned with the design, and 
use, as well as manufacture, of toroids and other coils. 


Send for your free copy 


BOESCH MANUFACTURING DIVISION 


WALTHAM PRECISION INSTRUMENT COMPANY, INC. 





BOESCH DANBURY, CONNECTICUT 
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A PART OR A PACKAGE 


A PART: Miniature fixed ratio speed changers 


RATIOS: 448 ratios from 1:1 to 531441:1 
HORSEPOWER: .025 maximum 

TORQUE: 24 oz-in maximum 

SPEED: 10,000 RPM maximum 

BACKLASH: Less than 15’, on anti-backlash Series 9 
WEIGHT: 3 to 6 oz depending on ratio 

BEARINGS: double, heavy-duty ball 
MOUNTINGS: available with versatile foot mounts 
DELIVERY: 10 days 


A PACKAGE: Call on Metron for help with your speed changing 
design problems. Tell us what results you are after; we’ll call on 
18 years’ experience in making miniature speed changers and pre- 
cision instruments to come up with the right package for you. 
Send your prints today—or, better yet, call us now! 


METRON omy mer “ 
432 Lincoln, Den L< , PE 3-3764, TWX: DN 194 
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divider. Power requirement, 115 volts 
a-c, 60 cps. Airpax Electronics, Inc., 
Seminole Div., Fort Lauderdale, Fla. 

Circle 610 on Inquiry Card 


FLAT-RIM DISH 
LOCK WASHER 


Washer for fastening components to 
plastic and die-cast bodies has propor- 





tioned rim to support the fastening load 
without injuring plastic. Conical body 
provides spring loading for the locking 
teeth to protect unit against loosening. 
Shakeproof Div., Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. 

Circle 611 on Inquiry Card 


PAPER-TO- 
POLYETHYLENE ADHESIVE 


One-surface spray or brush application 
of “Rez-N-Glue” 298 and hand pres- 
sure adheres labels to polyethylene 
squeeze bottles, closures, cables, ter- 
minal insulation and _ packaging. 
Schwartz Chemical Co., Inc., 50-01 2nd 
St., Long Island City 1, N. Y. 


Circle 612 on Inquiry Card 
COAXIAL ROTARY JOINT 


Model RJ-2 joint, rated for continuous 
operation at 1000 rpm from d-c to 16 
kmc, has maximum VSWR of 1.15:1 to 





10 kme and 1.60:1 to 16 kmce. Insertion 
loss, less than 0.1 db. Wow, less than 
0.05 db. Torque, less than 5 in.-oz. 
Scientific-Atlanta, Inc., 2162 Piedmont 
Rd., N. E., Atlanta, Ga. 

Circle 613 on Inquiry Card 


PRECISION KNOBS 
AND HUBS 


Aluminum knobs and hubs are of 24 
ST aluminum and supplied with pol- 
ished surface or black-enamel finish. 
Concentricity of 0.0015 T.I.R. between 
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DESIGN 


versatility ! 


with 
low cost 
miniature 


CIRCUIT 
BREAKER 


Available with: 
@ Two auxiliary contacts, N.0., N.C. 
@ Two independent circuits 


@ ON-OFF switch 
RATED: 50 milliamps to 25 amps, 
240 V. a-c 


CALL OR WRITE 
PRODUCTS COMPANY of AMERICA 


6284 N. Cicero Ave., Chicago 46, Ill. 
Kildare 5-1553 


IN CANADA: 265 Craig St. West ¢ Montreal 1, Que. 
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GEARMO 


GS BASIC Stzes 
@ Speed up to 200 RPM 
@ Power up to 40 in. Ib. 
@ Open or enclosed case 


®@ Continuous or 
intermittent 


@ Machine cut gears 
@ Finish ground shafts 


@ Special features 
available 


® Millions in use 

® Prompt delivery 

@ Samples at once 

@ Ask for our literature 


> 


Motoreseareh also designs and 
produces high frequency motors, 
generators, rectifier type power 
supplies and other Special Elec- 
trical Equipment. We invite your 
inquiries. 
OPEN TYPE MOTOR 


MILLIONS OF MOTORESEARCH GEARMOTORS NOW IN USE! 
Designers and 
Manufacturers of 


special 
electrical 


equipment 
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ROSITE in their rugged 


high voltage contactors 


ROSITE’S unique arc-quenching feature helps insure max- 
imum interruption capacity with long contact life. Snuffing 
is assisted by a release of gas from the ROSITE chutes 
whenever struck by an arc. This characteristic is provided 
by one of a family of ROSITE compositions especially 
designed for such uses. The gassing characteristic is 
permanently built into the material for use through 
millions of operations. 

This kind of superlative electrical performance can bring 
your product closer to the perfection you’re aiming at. 
ROSITE fits best where severe service conditions such as 
heat and arcing must be met, and also, where dimensional 
stability and excellent insulating characteristics are 
required. 

Our engineers will be glad to discuss ROSITE’S possi- 
bilities with you. Contact Rostone Corporation, 249% So. 
Concord Road, Lafayette, Indiana. SHerwood 2-8471. 


SEND FOR THE ROSTONE STORY 


Complete brochure on cold and hot-molded 
ROSITE: applications, characteristics and 
facilities for production. Write today. 


In Canada: Electro Porcelain, Ltd., Waterloo, Ontario, 
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TE 





rme CONTROL 


Yes, our New Cycl-Flex Timer is as easy to adapt and change as a 
simple electric plug. 

Don’t let automation troubles get you down! . . . use our New Cycl- 
Flex for TIME CONTROL functions. Should your automatic controls fail 
for any reason, you can trace your trouble by plugging-in a spare timer. 
Movement of the TIME pointer indicates whether trouble is in the input 
or the output circuits. 

Eagle’s New Cycl-Flex Timer has been enthusiastically adapted by 
leading manufacturers of molding presses, dielectric heaters, machine 
tools and feed controls. 

Write for Bulletin 125 or call your local Eagle Representative. He’s 
listed in Sweet’s Product Design File, Section 7d, or in Thomas Register. 


SPECIFICATIONS © 10 sec. to 60 hr. dial © 2 instantaneous switches © 2 delayed 
switches © 12 terminals © Resets in '/3 sec. ®© Mounts in 3'/g” dia. hole 


permanently Lit op 
mounted ond wired locking handle 
to eject 


7 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS AVAILABLE 





Precision Interval Multiple Circuit Heavy-Duty Step MultipleCam Predetermined _Hermetically 
vimers imers Switches Timers Counters Sealed 
Timers 







EAGLE SIGNAL COMPANY @ Moline, Illinois 
INDUSTRIAL 


A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 
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THE HPS SERIES CYCL-FLEX FOR 








@Oecec 
e; 
+S _°®@ 


shaft hole and step diameter. Furnished 
with two stainless steel set screws. 
Special set screws also available for 
maintaining finish of synchro, poten- 
tiometer and other precision shafts. 
Ackerman Engravers, 458 Broadway, 
New York. 
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FHP SPEED REDUCER 


Reducer 252A provides speed ratios 
from 5 4/5:1 up to 100:1, handling 
inputs of 14 to 2 hp at 1800 rpm and 
1/6 to 14% hp at 1200 rpm. Right-angle- 





drive, horizontal warm-gear speed-re- 
duction unit may be mounted in any 
position. Furnished with input or out- 
put shafts projecting from either or 
both sides of housing. Abart Gear & 
Machine Co., 4834-36 W. 16th St., Chi- 
cago 50. 

Circle 615 on Inquiry Card 


SOLID-STATE RELAY 
Model SR1A-1 static relay, for shock 


and vibration applications, measures 
2 x 2x 1% in. and weighs 0.4 lb. Turn- 
on time, 100 ysec max with 5- to 28-volt 
d-c signal. Control power, 0.004 watts. 
Switches up to 4 amp in 115-volt 400- 
cps circuit. Meets MIL-E5272B. Mag- 
netic Controls Co., 6405 Cambridge St., 
Minneapolis 26. 

Circle 616 on Inquiry Card 
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cCOnNnN TROL 


New! Versatile Cutler-Hammer 
oiltight pushbuttons let you 
make any station you want 


The new interchangeability built into these operators 
lets you create the station you want from a complete 
selection of Cutler-Hammer pushbuttons. Get them 
in one hole or base mounting, 6 bright colors. Thirty 
different circuit arrangements can be made in hun- 
dreds of varieties of stations in standard arrangements 
of up to 25 elements. Get up to 8 circuits on one push- 
button. They take 40% less back-panel space than 
next smallest unit so you get more control in less 
space Get facts in PUB. LO-104-G231. 


WHAT'S NEW? ASK. 


CUTLER- HAMMER 


Cutler- Hammer Inc., Milwauk Vl ns ion: Airborne Instruments 
Laboratory * Subsidiary Cutle x¢-Harn nmer Ir nvernat val, C. A. * Associates 
Canadian Cutier-Hammer, Ltd.; Cutier-Hammer Mes xicana, S.A. 
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“GLASS. TIPPED” SET SCREWS || co, ci 


GLASS—Hard, Dense, 
Smooth, Concentric, BEVELS 20 to 


o, Hemispherical 
Nor SCREW—Stainless Steel, 200 D D 
Slotted, Ground Threads, ais 


IN STOCK— Sizes 4, 6, 8 N.F. & N.C. 


Send your prints 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 § 
6-40 x 9/32, 3/8 & 1/2 or quotations 
8-32 x 5/16, 1/2 & 7/8 


HARTWOOD GLASS & METALS COMPANY | | SPURS 
P.O. Box 865 Martinsburg, West Virginia HELICALS 
Specializing in Glass Coated Metals for Electrical Insulation WORM AND 


Circle 302 on n Inquiry Card WORM GEARS 
— STRAIGHT BEVELS 


WIRE/CABLE STRIPPING | | LEAD SCREWS 


RATCHETS 


MAC H | N E S CLUSTER GEARS 


Cut costs 1/3 or more with RACKS 


high-speed, machine _ strip- 
pings SPEEDCRAFT A few of the many varieties of INTERNALS 


fully automatic, brush- | straight bevels we are regularly ODD SHAPES 


=. = a producing are shown above. 


and backed by over 30 Tell us your needs. ouner 


years’ specialized experi- 
—_ —— in - de- 
igns, quality features | = 
throughout. Complete '* or 
line includes an econo- Le ; w~/ IN GEARS 
mical machine for every “~ 

stripping need. For 


prompt, accurate reply, 


aa og COVEY vy CAN Dijuhs G aon 
WIRE STRIPPER CO. ltt. th At lng itch 8 ast 


1729 Eastham Avenue, Cleveland 12, Ohio 1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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| ADJUSTABLE 
TIME-DELAY RELAY 


| Model T-164 relays are available in 
four timing ranges, four contact ar- 


rangements and two mounting styles. 
Time-delay relay uses a standard Gen- 


to cut 





Assembly Costs! 


eral Automatic Series 300 relay togeth- 
er with adjustable R-C time circuit 
| in combination with two-stage transistor 
amplifier. Power requirements, from 18 
to 32 volts d-c at 10 ma nominal. Ad- 
| justable ranges: 50 to 500 millisec, 0.5 
to 5 sec, 2 to 25 sec, 5 to 60 sec. Re- 
peatability, 1 per cent short-term at 
constant voltage and temperature. Gen- 
eral Automatic Corp., 111—33rd St., 
Union City, N. J. 








Use quality-controlled PALNUT FASTENERS for 
vibration-proof assemblies -- with savings in costs 


FOR THREADED MEMBERS 
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ALL-METAL DELAY LINES 


Series 8710 1-in. diam “Helidel” lines 
are continuously variable, distributed- 
constant units that afford precise selec- 
tion of extremely short time intervals. 





PALNUT LOCK NUTS A single spring- 
tempered steel PALNUT Lock Nut 
replaces bulkier tapped nut, separate 
lockwasher, flat washer, sealer washer, 


according to application. Frequently 
cost less than plain nuts alone. Save 
weight and space, assemble fast, 
hold tight with spring locking action. 








| 
FOR UNTHREADED STUDS, ROD, WIRE | 





Delay times, 1 to 0.1 wsec. Rise times, 
less than 10 per cent of delay time. 
Ambient temperature range, —55 to 

80 C. Life expectancy, over 1 mil- 
lion shaft revolutions. Helipot Informa- 
tion Service, Beckman Instruments, Inc., 


a5 

SS ff | 2500 Harbor Blvd., Fullerton, Calif. 
= | 
| 





s " 
, * 
Paw 


Circle 618 on Inquiry Card 








PALNUT SELF-THREADING NUTS 


Save threading costs. Form their 
own deep, clean threads while 
tightening on plain studs, rod or 
wire of any malleable material 
Fast assembly with standard tools 
Vibration-proof grip 





ERS 


Push on unthreaded studs, rod, 
wire or rivets. Eliminate threading, 
grooving, drilling, cotter pins 
Low in cost, fast assembly, 
strong grip 


RADIATION-RESISTANT 
MOTOR 

Model 32U21RP141 motor with integral 
gearhead has input of 110 volts, single- 
phase, 60 cps. Output, 28 oz-in. torque 





Write for catalogs and free samples, stating type, size and application. 
See our catalog in Sweet's Design File 








® THE PALNUT COMPANY 


| ‘| r DIVISION OF UNITED-CARR FASTENER CORPORATION 


66 Glen Road, Mountainside, N. J. 
Canada: P. L. Robertson Mfg. Co., Ltd., Milton, Ont. 
LOCK NUTS and FASTENERS 
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600 SERIES 


THE FORGEABLE BEARING ALLOYS THAT 
STAND UP ON THE REALLY TOUGH JOBS! 


600 ALLOY NOSE BEARING WITHSTANDS 
THE PUNISHING SHOCK LOADS OF AN 
IMPACT WRENCH 


This heavy-duty impact wrench takes the rigorous 
punishment of hard industrial use right on the nose... 
and right on the 600 Series nose bearing. This bearing was 
especially chosen by the manufacturer because of its ability 
to absorb a range of 1600 to 1800 impacts per minute at a 
torque of from 0 to 250 foot pounds. By specifying 600 bearing 
alloy, the manufacturer gets superior performance from his 
finished product. 


600 ALLOY RATCHET AND DRIVE GEAR BEARING 
TAKES THE TERRIFIC POUNDING OF A 
HIGH POWERED CHAIN SAW 


Professional woodcutters give chain saws a rough time for 
hours on end, all year round, and these rugged saws must be 
built to take punishment. With chain speeds up to 3000 feet 
per minute, the ratchet and drive gear bearings, for example, 
must have a very high strength, hardness and good resistance 
to wear with minimum lubrication. That's why 600 Series 
Alloy was specified for both parts . . . the ratchet is a forging 
and the bearing was produced from 600 Series rod. 


MUELLER BRASS CO. SPECIALIZES IN ALLOYS FOR DIFFICULT APPLICATIONS 


“ete: = The alloys available from the Mueller Brass Co. range from those having high 

For complete engineering data, write ‘ , hardness and wear properties, to alloys that must possess excellent electrical 
today for Special Alloys Kit No. 13. conductivity, and ones that must have free-machining properties. Let our 
engineers help you select the alloy best suited to your exact application. 


IRE MUELLER BRASS CO. PorT HURON 38, MICHIGAN 
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FORWARD Bta* 


with FURNAS FIRSTS 


FURNAS 





ELECTRIC 


rer aa 





For many years Furnas Electric has pioneered development 
of outstanding magnetic control features that are now used 
extensively throughout the motor control industry. Among 
“Furnas Firsts” are the outstanding features listed below. 


TRULY TRIP-FREE THERMAL OVERLOAD RELAYS—melting alloy type. 
Non-adjustable trip features assure tamper-proof operation, 


ENCAPSULATED DUAL VOLTAGE COILS—greater heat dissipation, 
and greater mechanical strength. 110-220 or 220-440 volts. 


IN-BETWEEN SIZES—provide wider selection of controls to match your 
motor requirements, effecting savings in cost and space. 


AUXILIARY SWITCHLETS—offer easy means for adding auxiliary cir- 
cuits to the starter at any time. 


PRESSURE OPERATED MAGNETIC STARTERS —a single unit offering 


pilot control for pneumatic and hydraulic systems, eliminating unneces- 
sary wiring and piping. 


Write today for full information—1924 McKee Street, Batavia, Illinois 
A97 


pm FURNAS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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ELECTRIC COMPANY - Batavia, Illinois 


at 20 rpm. Operating life, 500 hr; 
unattended life, 1 yr. For ambient tem- 
perature to 100 C. Withstands 2 x 10° 
roentgens, gamma rays. Dimensions: 
3.31 in. diam x 5.5 in. long. Electro 
Products Div., Western Gear Corp., 
132 W. Colorado Blvd., Pasadena, Calif. 
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WIRE CONTACT RELAY 


Model RBM relay sets-up circuits in 
logic or arithmetic units, or performs 
in similar applications where the basic 
contact function of one or more relays 





sets up a circuit, but does not make or 
break the circuit. “Director” specifica- 
tions are as follows: Life, 200 million 
operations; contact form, 4PDT; con- 
tact rating, 3 amp carry only; contact 
material, eutectic silver-copper alloy; 
operating time, 5.5 millisec max includ- 
ing bounce; coil voltage, 20 to 115 
volts d-c; coil power, 4 watts max; 
overall dimensions, including plug, 214 
x 54 x 2 in. Special hardware available 
for mating terminal block assembly 
and ease of mounting on chassis or 
rack. RBM Control Div., Essex Wire 


Corp., Logansport, Indiana. 
Circle 620 on Inquiry Card 


MULTISTAGE BLOWERS 


Typical applications of blowers are 
pressure requirements to 1 psi and de- 
livery ability to 100 cfm. Low noise 





level. Specifications: 60 or 400 cps; 
1 or 3 phase; to 440 volts; 10-in. OD 
to lengths of 14 in.; ambient range, 
—55 to +85 C. Air Marine Motors, 
Inc., Bayview Ave., Amityville, L.L., 
N.Y. 
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ABSORPTION WAVEMETERS 


Series of three broad-band wavemeters 
features direct readout. Full coverage 
from 1 to 8 kmc is offered with accuracy 
of 0.07 per cent. Readout device consists 
of film-driving mechanism with low 
backlash. All units have N-type con- 
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New... 10» cos: 


PRODUCTION EYELET MACHINES 


W. specialize in production machines for electrical and 
electronic needs. Used by leading makers of PW boards 
for setting funnel flange, standardized, and special eye- 
lets, from smallest sizes to 34”. Best value on the market. 


Model 101 air-operated machine automatically adjusts to 
various thicknesses. Cuts damage when setting plastics, 
ceramics, PW boards, glass, leather, etc. 


AE100 


Solve your eyelet machine problems fast — Write today. 


FéveLtret Too. co. 


INCORPORATED 
31 Carleton Street, Cambridge, Mass. 


Circle 280 on Inquiry Card 


BULLETIN NO. 


\e/ 


AUTOMATION and QUALITY CONTROL 
insures the best in 


DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 


BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @ FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93. Main Street « Winsted, Conn. 
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WW. IN IAAI 


SPECIALISTS IN ELECTRIC 


MOTORS 


2 1/100 to 60 HP 


TOP NAME BRANDS 


Ra Doyo WES RU CTT 


ream 4000 Items in Stock 


EXHAUST FANS 
AIR CIRCULATORS 
ak 
BLOWERS 
WU ta 
AIR COMPRESSORS 
GENERATOR UNITS 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 





POWER TOOLS 


catalog sent only when requested on 


letterhead. No consumer requests hon- 
ored. O.E.M. prices for quantity buyers. 


212 PAGE CATALOG and buying 

guide. Includes detailed descriptions 
on over 4000 items. Lots of tech- 
nieal and application data. Request 
your free copy. 


WRITE OR PHONE 


ALABAMA 

BIRMINGHAM 4e 701-6th Ave. N. 
ARIZONA 

PHOENIX ¢ 1022 N, 21st Ave. 
ARKANSAS 

LITTLE ROCK e 1805 Scott St. 
CALIFORNIA 

FRESNO 2¢ 101 Van Ness Ave. 

LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 7 2200 Adeline St. 

SAN DIEGO 10144 W. Market St. 


SAN FRANCISCO 10519 Potrero Ave. 


COLORADO 

DENVER 40695 Bryant St. 
CONNECTICUT 

WEST HARTFORD e@ 201 Dexter Ave. 
DISTRICT OF COL. 

WASHINGTON 18 1860 Adams, N.E. 
FLORIDA 

JACKSONVILLE 6035 W. 12th St. 

MIAMI 37¢ 2727 N.W. 2nd Ave. 

TAMPA 6¢ 1509 Cypress St. 
GEORGIA 

ATLANTA 16¢ 1046 Memorial Dr., S.E. 
ILLINOIS 

CHICAGO 12¢2330 W. Adams St. 


MELROSE PK. 1660 N. Mannheim Rd. 


INDIANA 

INDIANAPOLIS 2¢ 1714 E. Riverside 

SOUTH BEND 18¢1133 So. Main St. 
1OWA 

DAVENPORT e 1215 E. River St. 

DES MOINES 14¢66 Washington Ave. 
KANSAS 

WICHITA 51201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3¢ 120 S, 12th St. 
LOUISIANA 

NEW ORLEANS 25 e 4513 Eve St. 

SHREVEPORT ¢ 2031 Texas Ave. 
MARYLAND 

BALTIMORE 30800 S. Hanover St. 
MASSACHUSETTS 

BOSTON 3584 Lincoln St. 
MICHIGAN 

DETROIT 3¢1701 E. Mc Nichols Rd. 


GRAND RAPIDS 3545 Grandville S.W. 


MINNESOTA 
MINNEAPOLIS 4¢ 1818-4th St. S. 
MISSOURI 
KANSAS CITY 8 1629 Broadway 
ST. LOUIS 32110 Pine St. 


ww LRAINGER.INC 


NEBRASKA 
OMAHA 2¢ 1516 Webster St. 
NEW JERSEY 
NEWARK 2¢ 355 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 4¢ 105 Ash St. 
NEW YORK 13533 Canal St. 
ROCHESTER 4¢ 42 Scio St. 
SYRACUSE 6e Tarbell Rd. 
NORTH CAROLINA 
CHARLOTTE 3¢ 1216 S. Mint St. 
OHIO 
CINCINNATI 6¢ 2400 May St. 
CLEVELAND 142150 Hamilton Ave. 
COLUMBUS 15 400 E. Livingston Ave. 
DAYTON 2¢222 Washington St. 
TOLEDO 2¢520 Southard St. 
YOUNGSTOWN 2¢ 16 Pyatt St. 
OKLAHOMA 
OKLAHOMA CITY 2¢316 E. Grand Ave. 
TULSA 19¢ 1738 S. Boston Ave. 
OREGON 
PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 
ALLENTOWN e 723 E. Green St. 
PHILADELPHIA 403215 Spring Garden 
PITTSBURGH 1 3812 Penn Ave. 
RHODE ISLAND 
PROVIDENCE 5 © 236 Georgia Ave. 
TENNESSEE 
KNOXVILLE 17 ¢ 3528 Broadway N.E. 
MEMPHIS 3339 So. Front St. 
NASHVILLE 4¢210-17th Ave. N. 
TEXAS 
DALLAS 10¢ 2425 Ferris St. 
EL PASO 1100 E. Missouri St. 
FT. WORTH 31119 W. 5th St. 
HOUSTON 14¢ 1409 St. Emanuel St. 
SAN ANTONIO 2¢606 E. Crockett St. 


UTAH 

SALT LAKE CITY 160527 No. 3rd W. 
VIRGINIA 

NORFOLK 8 835 W. 44th St. 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 4¢1001-9th Ave. S. 

SPOKANE 1¢W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON @ 1037 Central Ave. 
WISCONSIN 

MILWAUKEE 4¢ 136 E. Walker St. 


Se ae 


Dept. 219-A, GENERAL OFFICES, CHICAGO 12 
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. SOLID-STATE PHYSICS. This opening 


Need help in 
designing that 


transistor circuit? 


@ A word to the wise. Prepare yourself! Get the technical 
help you need from an electronic engineer who has specialized 
in semiconductor application. 


This know-how is wrapped up in a series of tutorial articles 
which appeared in this magazine from October 1960 through 
March 1961 under the title: “Semiconductor Electronics.” 


Maybe you missed some of the earlier chapters? Maybe you 
just skimmed the surface in the interest of “speed reading?” 
No matter. The entire 6-article series has now been reprinted 
so it will be handily available in booklet form for home study 
or on-the-job reference. 


When you've assimilated the contents you'll have a good 
working knowledge of the basic principles that underlie the 
behavior of semiconductor devices. (Even the electronic “pro” 
gets better results when he has the right perspective on 
fundamentals.) Moreover, you'll understand why semiconduc- 
tors work as they do. You'll be able to apply them in your 
circuits. 

All this is presented in a clear-cut, step-by-step discussion, 
in the language of one engineer talking with another. The 
author is Albert A. Sorensen, of Space Technology Labora- 
tories, Inc. Mr. Sorensen, in addition to his work in advanced 
control-system circuits, also teaches transistor electronics in 
the Extension School of the University of Calif. He knows how 
to get his technical facts across to the engineer “student.” 


CONTENTS OF “SEMICONDUCTOR ELECTRONICS” 








4. TRANSISTOR NETWORK ANALYSIS. 


chapter deals with the theory and applica- General four-terminal networks are ana- 





Includes a discussion of atomic theory and 
the crystal structure of materials. 


2. JUNCTION DIODES. Here the author 
covers the application of the principles of 
solid-state physics to the operation and ap- 
plication of diodes. The characteristic 
equation is developed and its practical use 
in design demonstrated. A special section 
deals with Zener diodes. 


3. JUNCTION TRANSISTORS. This chap- 
ter develops the various characteristics and 
parameters of transistors from basic 
energy-level diagrams. Equivalent circuits 
are defined and their use in the analysis 
of the transistor as a circuit element is 
described. 





The reprint booklet ae 


of junction diodes and transistors. lyzed in terms of the various possible 


parameters. The same techniques are then 
applied to transistor circuits. Properties of 
common-base, common-emitter, and com- 
mon-collector connected transistors are 
fully developed. 


5. TRANSISTOR AMPLIFIER DESIGN. 
Here the author provides practical appli- 
cation details with complete information 
on the actual design of various amplifier 
types. 


6. NON-LINEAR AND SWITCHING OP- 
ERATION. In this concluding chapter 
the author explores the use of transistors 
as switching devices. Switching is con- 
sidered both as a static and a dynamic 
operation. 


rises 44 pages, plus a flexible, 
textured cover that will stand up under 


ard usage. It includes 


an introductory foreword and a quick-reference index. 
The price? Just $2.00 (postpaid). For convenience in order- 
ing use the Reprint Order Form on page 183. 
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> ae 
o coca 
we 


nectors. Absorption, 10 per cent mini- 
mum; loaded Q, 1000. Frequency Stand- 
ards, P. O. Box 504, Asbury Park, N. J. 
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CORDS WITH 
MOLDED-ON PLUGS 


Small plugs molded on appliance cords 
fit flat against receptacle. Cords are 
gray, or flat, parallel and flexible con- 





struction, with terminals crimped on. 
Adjustable strain reliever on each cord 
has two-way locking action. Available 
in full range of sizes and ratings. Carol 
Cable Co., Pawtucket, R. I. 

Circle 623 on Inquiry Card 


SHOCK-RESISTANT 
RECTIFIER TUBE 
Half-wave high-vacuum rectifier 3B- 


24WA operates in military environ- 
ments subject to shock, vibration and 





filament fatigue. Filament voltage, 2.5 
volts at 3.0 amp a-c; peak inverse volt- 
age, 20 kv; peak plate current, 300 
ma when filament is at 5.0 volts. Rec- 
tifier has four-prong base and shock 
rating of 450 g. New Products Dept., 
Cetron Electronics Corp., 717 Hamilton 
St., Geneva, IIl. 
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See Laboratory and Engineering 
Equipment on page 276 
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General Instrument Silicon Rectifiers 


UP TO 25 AMPS... 

PIV’s—50v to 30,000v 
1619 @€ 
GSILICON 
RECTIFIER TYPES Q@ 


WIDEST RANGE... 


e Whatever your requirement, there is a G type that 
exceeds military and industrial spec’s e Top Hats e 
Xs” Medium Power Studs e Hi Power Diodes e Plastic 
e %«” Hex Hi Power Studs e '%” Hex Hi Power Studs e 
Insulated Studs e All JAN Top Hats e Rectifier Stacks 
e Hi Voltage Cartridges e Custom Packages for Special 
Needs e New 25-Amp Stud Rectifiers 


GENERAL TRANSISTOR 


TRANSISTORS, DIODES, RECTIFIERS 


FASTEST DELIVERY... 


e Immediately Available Off-The-Shelf e Realistically 
Priced e Contact General Instrument at the address 
below for the name of your local authorized stocking 
distributor. 


*Also available with Reverse Polarity 
** Available on request up to 480,000 PIV 


SEMICONDUCTOR 


| 
DIVISION OF GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, New Jersey 


IN CANADA: General instrument Ltd., Semiconductor Division, P.O. Box 9, 151 Weber Street South, Waterloo, Ont., Canada. 
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The reliable 
line with 
wide range 
design 
flexibility! 













Standard Types 
from 5 to 
1000 Watts 


RHEOSTATS 


MIL and 
Custom 
Types to 
Your 
‘Specs’ 


“Gray Line” Rheostats are 
exceptionally rugged .. . 
feature proven principles 
of construction that meet 
the most exacting specifi- 
cations. Special design fea- 
tures assure long life and 
protection under extremes 
of humidity and abnormal 
atmospheric conditions. 
The “buss bar” contact arm 
automatically adjusts for 
complete, continuous con- 
tact and smooth, flexible 
control. H-H blue-gray, 
high temperature enamel 
is thermo shock proof, 
gives increased service life. 
Hardwick Hindle “Gray Line” 
Rheostats, Resistors, and Po- 


tentiometers are 
j Set ovr j 
CATALOG tf 
(res 


available nation- 
wide at all H-H 
authorized dis- 

tributors. 
HARDWICK 
HINDLE:- INC 
40 Hermon Street 

Newark 5, New Jersey . of Quality 
since 1924 
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The Mark 








| ments. 





Laboratory and 
Engineering Equipment 





MINIATURE INSTRUMENT 
TOOLS 


Hand for miniature electronics 
and instrument use embody active ele- 
ments from 0.001 to 0.01 in. in size. 
Sixty-seven different “Microtools,” all 


tools 





handles 
| Cutting edges, points and working sur- 


interchangeable in provided. 
faces precision forged, machined, 
ground or honed. Tip area behind the 
working element is 24-carat gold plated 
and shot-burnished to insure corrosion 
resistance and contaminant-free tool. 
Circon Component Corp., Santa Bar- 
bara Municipal Airport, Goleta, Calif. 
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THERMAL MATERIALS 
TESTER 


Material tester makes possible measure- 
ment of heat conduction and resistance 
in thermal shock and ablation environ- 
mph 


Produces 10,000 


gas 





streams with stagnation pressures rang- 
ing from 1 to 20 atmospheres. Opera- 


tion is in the 30 to 200 kw range. 


| Radiation pyrometer and thermocouple 


instrumentation permit temperature 
measurement on opposite faces of sam- 
ple. Thermal Dynamics Corp., Lebanon. 


N.H. 
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| DIFFERENTIAL GAUSSMETER 


Model 2000 solid-state gaussmeter 
measures magnetic field gradients and 





absolute field values. Provides 17 
ranges, from 0 to 0.1 and 0 to 20,000 
gauss full scale. Magnetic fields from 
d-c to 400 cps can be measured. Oper- 
ates on a-c power or flashlight battery 
pack. Radio Frequency Labs, Inc., 
Powerville Rd., Boonton, N. J. 
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IN-CIRCUIT 

TRANSISTOR TESTER 

Tester is said to be capable of measur- 
ing a-c Beta with accuracy of +5 per 
Instrument method which 


+ 


cent. uses 





before 


impedance 
tests are made, nullifying loading ef- 
fects of external circuit impedances as 


neutralizes circuit 


low as 150 ohms. Solid-state tester also 
measures a-c Beta, /,, transistor input 
resistance and base emitter circuit im- 
pedance. Hickok Electrical Instrument 
Co., 10514 Dupont Ave., Cleveland 8. 
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POCKET-SIZE DYNAMOMETER 


Torque and power loading of electric 
motors may be measured using a dy- 
namometer which is slipped onto a 
shaft and the collet tightened by hand. 
Interchangeable collets fit a range of 
shaft sizes. In operation, dynamometer 
is viewed by a stroboscopic tachometer 
while rotating. Transmitted torque is 


ELECTRO-TECHNOLOGY 





Conventional 
film-coated 
magnet wire 


ae 


EXTRAORDINARY CUT-THRU RESISTANCE! 


Unretouched photo of #18 gauge wires which had been subjected 
to the constant temperature (250°C.) increasing pressure cut- 
through test. A 60 pound weight which deformed the conductor 
did not rupture the film on Allex. 


New 

technical report 
proves why 
all-purpose 


SSEX ALLEX 


Complete technical report 
now available. Write for your 
copy today. 

Contains full information on 
application and on electrical, 
physical, chemical and thermal 
properties, 


\\ MAGNET WIRE DIVISION 


is a major 
advancement 
in magnet wire 


You can do more with Allex, the new all-purpose 
magnet wire with the greater safety factor. 
Film-coated and rated at 220°C, Allex is a magnet wire 
enameled with DuPont ML resin.* This major 
advancement should permit further product 
miniaturization, and provides an entry into new 
frontiers of elevated temperature design. 


ESSEX WIRE CORPORATION 
Fort-Wayne, Indiana 


National Network of Warehouses and Sales Offices ... Call Your Local ‘Essex Man." 
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soideriess 
terminals 





Speed and simplify 
wire insertion... 


.--insure maximum 
holding power 


\ 








Funnel-edged barrel for fast, 
easy insertion of wire. 


Full %" long shank makes wire 
location easier for fast crimping. 





EXTRA Wide crimping area assures 
ADDED permanent, vibration-free and 
FEATURE moisture-proof connections. 


‘Multiple V-notched internally Beveled O.D. 
for better contact and maxi- 
mum holding power. 


ary 





@ Available in a wide variety of types and styles. 


@ Made of pure soft copper for high conductivity and electro-tin 
plated for maximum corrosion resistance. 


@ Load capacity greater than wire itself. 
@ Constructed in one piece for economy and strength. 

@ Quality controlled for dimensional and electrical uniformity. 
@ Wire ranges clearly marked on all terminals. 
@ Stocked in 22-16, 16-14, 12-10 wire ranges. 


Insulated Solderless Terminals Also Available 


Write for new Malco Solderless 
Terminals Bulletin No. 601 


MANUFACTURING COMPANY 


4021 WEST LAKE STREET ° CHICAGO 24, ILLINOIS 









278 Circle 287 on Inquiry Card 











read from dynamometer dial, and rpm 
from stroboscope dial. Present model 
indicates torque up to 22 in.-lb in either 
direction. Accuracy said to be within 
% per cent. Micro Pump Corp., Box 
392, Danville, Calif. 
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SERVO SHAFT-POSITION 
INDICATOR 


Instrument indicates remote shaft posi- 
tions of 400-cps synchros, resolvers or 
potentiometers with repeatability of 30 





| sec, accuracy of +6 minutes, slew speed 


of 9 deg/sec. Numerical readout. Oper- 
ates from 115 volts, 400-cps line. Units 
also available with any combination of 
two Size 11 control transformers or 


| resolvers, or decimal counters. Astro- 


dyne, Inc., 121 Clinton Rd., Caldwell, 


a. we 
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INSULATION-MATERIALS 
TESTER 


Model 4510 tests both liquid and solid 
insulating materials to ASTM and 
Federal specifications. Test potential 
continuously variable from 0 to 50 kv 
at 2 kva a-c. Rate of rise is motor 
driven and adjustable from 300 to 3000 





ELECTRO-TECHNOLOGY 





Steves eeeeseseseeeoeseseeseese 


co 
= 
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NEW Series FB enclosed 
Helical gear motor. High 
performance - low noise. 
Available with brake or 
clutch. 


every EVV... 
Brevel meets 
unusual 
specifications 
for small motor 
applications 


Your new appliances get into 
production — and to market — 
faster, at lower cost when 
BREVEL supplies your mo- 
tors. Chances are we have a 
suitable design! 


Cece eeeeeseeeseeesessesseeesesesees eee 
SeeceeSeeeeeeeSSeSSSSSeeeseeseeeeeeeeeseeeeeeeeeeeee 


Series S 
Open Spur 
Gear Motors 


You can rely on BREVEL’s 
experienced specialization to 
design, engineer, and volume- 
produce precision motors that 
give consistently superior serv- 


ice at low cost. Series W 


Open Worm 
Gear Motor 


Shaded pole 
motor — use 
alone or as 
backbone for 
geared motor. 


BREVEL 


BREVEL PRODUCTS CORP. 

manufacturers of small motors for the appliance industry 

627 West 26th Street, New York 1 @ WAtkins 4-4737 

CHICAGO: Jerry Gelten Co. © 2750 W. North Ave. © EVerglade 4-5959 

LOS ANGELES: Electric Motor Engineering, Inc. * 8255 Beverly Bivd. * Olive 1-3220 
TORONTO: Brevel Products, Ltd. © 45 Crockford Blvd. © Scarborough, Ont. ¢ PLymouth 7-5140 
MEXICO CITY: Arture A. Aguilar ©iNdependencia 59-202 © Mexico 1, D. F. 


Our representatives cover ev- 
ery part of North America 
from local offices. Write, wire, 
phone now... and find out. 
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SUBMINIATURE 
TOGGLE 
SWITCHES 
\ | 


Electrical Ratings 

3 amps. 30 v.d-c, 
inductive 

5 amps. 30 v.d-c. 
resistive 

5 amps. 125/250 
volts a-c. 


Catalog 
describes 
complete line 
of UNIMAX 
subminiature 
switches. 


SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 


Pal 
vy. 
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See Our Catalog in 
SWEETS 
70-Gen 


or Write for Copy 


MAIN PLANT: ELYRIA, OHIO 
Other Plants 

@ Belleville, Ohio 

®@ Marysville, Ohio 

® Bald Knob, Arkansas 
@ Putnam, Connecticut 





DEPT. GL e 


“There's no 
substitute for 
experience’ 


During the past 

40 years General 
Industries has 
produced millions 
of electric motors 
for users throughout 
the world... 


It’s literally true that any device or 
machine is only as good as the motor 
that powers it. That’s why leading 
manufacturers around the world prefer 
to rest their reputation on GI Smooth 
Power motors. They know that with 
40 years’ experience in designing 

and building sub-fractional'hp motors 
for every requirement, GI can be 
counted on to produce the best motor 
for the job, at the lowest possible 
price. Next time you have to make a 
decision on a motor, remember, 
“There’s no substitute for experience.” 
Specify GI motors: quality-proved, 
millions of times over! 


SMOOTH POWER 


AC MOTORS 
1/1800 H.P. TO 1/35 H.P. 
Quantity price 


quotation 
on Request 





ELYRIA, OHIO 
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volts per sec. Dwell time for test volt- 
age on sample is timer controlled. 
Features transparent, safety-interlocked 
test cage. Associated Research, Inc., 
3777 W. Belmont Ave., Chicago 18. 
Circle 631 on Inquiry Card 


DISTORTION-MEASURING 
FILTER 
Filter permits distortion measurement 


of a-c signal, eliminating need for dis- 
tortion analyzer. Harmonic content can 





be viewed on an oscilloscope. Input 
impedance is 50,000 ohms; range is 
0.05 to 20 per cent total harmonic dis- 
tortion. Standard frequencies are 400, 
800 and 1000 cps. Unit measures 534 x 
3 x 2 in. Ortho Filter Corp., 7 Paterson 
St., Paterson 1, N. J. 
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TEMPERATURE TESTER 


Glass-tipped probe containing stabilized 
thermistor may be used to read tem- 
peratures of components to 0.2 F. Avail- 
able in varying lengths with bent tips 


| 


and spring mounts. Standard Thermo- 
phil instruments have ranges of —154 
to +554 F with subdivisions of 0.1 to 
1.0 C or F equivalents. Atkins Tech- 
nical, Inc., 1276 W. 3rd St., Cleveland 
13. 


? 
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FREQUENCY METER 
AND COUNTER 


Model WE-140 meter has a frequency 
range of 75 kc; input range is 50 mv 
to 120 volts. Time base periods of 0.1, 
1.0 and 10 sec are generated by 0.002 
per cent temperature-compensated crys- 
tal oscillator. Display is variable from 
0.5 to 5 sec, or can be held indefinitely. 

(Continued on page 282) 
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NO OTHER REFERENCE CONTAINS SO MUCH DATA 
ON PERMANENT MAGNETS! The 346 pages of this 
Crucible Permanent Magnet Handbook offer the assist- 
ance you need to design permanent magnets into hi-fi 
and TV systems, generators, motors, meters, compasses, 
magnetic tools and hundreds of other instruments and 
components. : 

Entire chapters discuss the subjects of permanent 
magnet design, measurements, ferromagnetism, electro- 
magnetism, magnetization, and the analyses of 60 
different magnet materials. For your copy of this Per- 
manent Magnet Handbook, send check or money order 
for $10* to Crucible Steel Company of America, Four 
Gateway Center, P. O. Box 88, Pittsburgh 30, Pa. 


*Add 40¢ for state sales tax if you are located in Pennsylvania. 


CRUCIBLE | STEEL COMPANY OF AMERICA 
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FREE 
CATALOG 
samples 


HARRY DAVIES MOLDING CO. on 


st 
Pi ns ie, Le lal ee _~ 
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.. HIGH VOLTAGE TESTING 


of CABLES, MOTORS, GENERATORS 
and All Electrical Equipment 


Mobile 
D-C HYPOT 


Measures 


Dielectric Strength 


Insulation Resistance 


Dielectric Absorption 


Rugged . . Mobile . . for Production, 
Installation and Maintenance Testing 


Output . . 120 kv models provide up to 5000 microamperes 
d-c. 75 and 45 kv models offer up to 10 ma, d-c. 


115v A-C Line . . Input through three-conductor power cord 
with standard two prong plug and grounding clip. 


Self-Contained, Fully Portable . . Single mobile housing with 
rubber tired wheels and push handle contains metering cir- 
cuitry and high voltage supply (oil immersed above 45 kv). 


Safe, Simple Operation . . Direct reading of insulation leak- 
age current. Fully interlocked, cabinet grounded, output cable 
shielded . . to protect operator and equipment. 


for Every Application ..a HYPOT” Test Set 


Heavy Duty HYPOTS* Portable HYPOTS® 
A-C or D-C, to 150 kv. A-C to 10 kv, 230 va 
D-C to 5 kv, 2 ma 


HYPOT® Insulation 
Materials Tester 
Models offer up to 60 kv at 2 kva 

. with test fixtures, automatic 
rate of rise and other controls to 


meet ASTM, MIL and Federal test 
specifications. 


Mobile HYPOTS* 
A-C to 30 kv, 10 kva 
D-C to 120 kv, 10 ma 


Bench Type HYPOTS' 


A-C to 35 kv, 2 kva 
D-C to 45 kv, 25 ma 


Write for Manual J-67 


“Methods for Insulation Testing 
. » Engineering . . Production 
. . Maintenance 


4-35.6 


AVS Waa aces 
ern Seka ds 


3794 W. Belmont Ave., Chicago 18, Illinois 


“Electrical Testing Ins 
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@ Two-conductor single closed circuit design. 





A Major Technological Advancement in 


“MICRO-PLUG" 
AND 
“MICRO-JAX" 


corders, 








" 
ACTUAL SIZE acs / PTIP TERMINAL 
850 By ed OT DIA 
“MICRO- Po 
PLUG” OO RSS) : 
“MICRO-PLUG” Series 850 Lona! 
@ Only 1-1/64” long; 1/4’ O.D. r is eas fs 
@ Sleeve circuit cable clamp. ra 
. 


Nylon insulation between tip and sleeve 'e, 
circuit. . 


“MICRO-JAX” TR-2A 





<2 OIA « O10 THICK 
% WASHER 


Available as a two-conductor open circuit loa 





type. TR-2A 4 By THICK NUT 

@ Internally keyed nylon insulation—mech- “MICRO. 10-48 NS-2A 
anically interlocks springs and solder lugs re THD 
—eliminates shorts. JAX’ 


Write for bulletin. 


5539 N. Elston Ave., 
Chicago 30, Ill. 


Canadian Rep: Atlas Radio Corp., Ltd. 
50 Wingold Ave., Toronto 
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Who Pilfered that 
S& E Article? 


e@ It happens in the best of engineering circles. . . . A routed 
copy of ELECTRO-TECHNOLOGY comes back to its original owner 
sans the “yellow pages” of the Science & Engineering insert! 


e@ While this demonstrated interest in the tutorial article series 
tickles our publishing pride, we can sympathize with our reader 
friends who are thus losing such a valuable work-tool. 


@ May we offer a possible solution? If you can’t smoke out the 
issue-clipping culprit, ask your associates p-l-e-a-s-e to order 
reprints of any science article they feel they must have for their 
personal use. Better yet, suggest they take out a subscription to 
the S & E series. 


e As announced in these pages last month, annual subscriptions 
to the monthly S & E series are now available at a nominal fee 
—$6 for the year. Subscriptions start with the current month’s 
feature; do not include back numbers. Maybe you should get 
in on this too! You'd find the articles in reprint form a lot more 
convenient for home study as well as for on-the-job reference. 
Then nobody—not even you—need mutilate that office file copy! 


e@ P.S.: See Order Form on page 183 of this issue. 


SWITCHCRAFT 


AVAILABLE AT ALL LEADING 
ELECTRONICS DISTRIBUTORS 





1/25th the size of standard Switchcraft 
Plugs and Jacks, but with the same 
Uniformity, Dependability and Quality. 


Designed for and used on many types of 
Electronic Equipment such as computers, 
data systems, business machines, tran- 
sistorized portable radios and tape re- 


j SLEEVE TERMINAL 


cansivoresos 














Unit weighs 15 Ib; measures 614 x 
11144 x 914 in. Westport Electric, 149 
Lomita St., El Segundo, Calif. 
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INSULATION RESISTANCE 
TESTER 

Type M tester reads insulation resist- 
ance of electrical machinery, wiring 
and electrical parts. Tests are made at 





voltages of 100, 250, 500 and 1000 
volts; resistance readings are possible 
over range from 20 to 2000 megohms. 
Accuracy is +5 per cent; response 
time is 0.5 sec. Unit weighs 5 lb with 
carrying case. Multi-Amp Div., 465 
Lehigh Ave., P. O. Box 217, Union, N.J. 
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PERSPECTIVE CIRCLES 


Set of 27 underlay guides shows circles 
from 14 to 6 in. diam at viewing angles 
from 5 to 70 deg, with 2%-deg incre- 





ments to give gradual visual transition 
of circle. Compatible with any per- 
spective grid. Made of heavy moisture- 
proof bristol, set of guides is available 
for $4.75. Graphicraft, P.O. Box 509, 
Westport, Conn. 
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See Product Index for this issue 


on page 284 
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Nowil.. 


SQUARE D PRECISION SAPSWITCH 
~ AVAILABLE WITH 2 POLES! 


Same size and mounting 
as single-pole switch 


Here’s a precision snap switch which combines 
2-pole versatility with high electrical ratings— 
and takes no more space than a single-pole 
switch! 

The new switch is available either single- 
throw (2 normally open or 2 normally closed) 
or double-throw, and like the single-pole switch, 
it features: double-break contacts—large screw- 
type terminals—strong melamine case—simpli- 
fied mounting...a design which assures reliabil- 
ity, precise repeat accuracy and long mechan- 


5 hd 
Be % DIAMETER 
OPERATING 


Writtle for details. Square D Company, Dept. SA 
4041 North Richards Street, Milwaukee 12, Wisconsin 


SS 


wherever electricity is distributed and controlled 
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PRODUCT INDEX 





Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e”’ with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL / ELECTRONIC 


Amplifiers, audio—194e 
Brakes—224 


Ca pees 54, 76, 1866, 
12e, 22le, 232e, 242e 


Contact devices 
~~ and brush holders—36, 


Commutators—226 
Contacts and contact points— 
223e, 230e 


Control systems—17, 38, 186e 
Cooling equipment—244e 
Counters—200e, 226e 


Electron tubes 
Power—258e, 274e 
Receiving—188e, 194e, 200e, 
235, 262e 
Special—248e 


Encoders—192e 


Fans and blowers—15, 234e, 238, 
272e 


Filters—240e 
Inverters—41, 186e 
Lights, indicator—194, 202, 247 


Magnetic components—225 
obbins and core boxes—210, 
215e 

Coils and windin a 273 
Cores—16, 27, 7 

Permanent ma cb dite 
Shielding—207, 233 
Laminations—165 


Meters, panel—250e 252e 
Microwave  devices—90e, 86e, 
23 


1 
188e, 192e, 194e, 20Ge, 223¢ 
236e, 240e, 244e, 266¢e, 


Oscillators—198e 


Potentiometers—54, 159, 195e, 
208e, 210e, 212, 224e, 241, 
248e 


Printed circuits—194, 234e, 256e 
Protective devices 


Circuit breakers—267 
Fuses—167, 226e, 25Ge 
Thermal—38 


Reactors—196e 


Reis 2 
ener. urpose—A42, 56, 174, 
Ta6e, 505: 223, 246e, 254 
Industrial—38, 8e 
ae aee 


megro—22ie, 242, 244e, 
eee —323. 226e, 254, 4e, 
256e, 272 286 a 


Time tion kee 248, 270e 


Resistors—38, 54, 163, 177, 186e, 
190e, 221, 224e, 240, 242e, 
252e, 276 


oo aot terminals, hermetic— 


Semiconductor devices 
Rectifiers and diodes—29, 54, 
64, 169, 186e, 192e, 198e, 
200, 231, 238e, 275 
Transistors——Inside back cover, 
> Wy A a Sa 
189e, 195e, 196e, 198e, 211 


Servo components—68, 193e, 
198e, 204e, 21G6e, 266 


Solenoids—206e, 215, 254, 254e, 
263 


Static switching elements—268e 


Switches 
Acceleration—-189e 
Controllers and contactors—17, 
38, 180, 272 
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Foot—262e 

Limit—212e, 215e, 239, 248e 

Pushbutton—38, 52, 73, 195, 
258e, 269 

Rotary—13, 38, 16G6e, 195e, 
257 

Snap action—52, 157, 28 

Special—228e, 242e 

Ok dT et 

Toggle—S2, 


Thermoelectric ia 
Timers—G63, 173, 204, 250e, 268 


Transducers 
Linear displacement—189e, 216e 
Thermostats—Back cover 
Thermocouples—198, 208e, 250 


Transformers—188e,. 190e, 224e, 


244, 260e 
Valves, solenoid—234e 


Wire and cable—250e 
Magnet—33, 44, 196, 200e, 


277 
Power—189e 


Wiring devices 

Connectors—Inside front cover, 
188e, 194e, 210, 232, 240e, 
249, 253, 255 

Cord sets—8, 176, 228e, 274e 

Grommets—194e, 226 

Plugs . jacks—192e, 
238e, 282e 

Terminals—250e, 278 

Terminal fake 51, 258 


194e, 


COMPONENTS, 
MECHANICAL / STRUCTURAL 
Bearings—1, 43, 18G6e, 224e, 232e 
Bolts—192e 

Bushings—196e 

Clutches—186e 

Counters—193e 

Couplings—186e 

Dials—200e 


Fasteners 
Bolts and nuts—189e, 190e, 270 
uick-operating—270 
ivets—189e 
Screws—269, 270 
Gears—259, 269 


Housings and _ enclosures—206e, 
22le, 256, 260e 


Knobs, handles—260e, 266e 
Hubs—266e 

Mounting hardware—202e, 246e 
Nameplates—186e, 252e, 258 
Pivots—190e 

Pulleys—184 

Rings, retainer—216 

Seals and gaskets—19Ge, 238e 
Springs—12le 

Washers—266e 


COMPUTERS AND 
COMPUTING COMPONENTS 


78e, 154e, 162e, 166e, azi, 189e, 
192e, 193e, 194e, 195e, 198e, 
202e, 212e, 215e, 230e, 236, 
236e, 261, 264e, 270e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Microfilm recorder—192e 


DRIVES 


Electrical—229 


Mechanical 
Constant speed—268e 
Variable speed—254e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—194e, 251, 264e 
Environmental chambers—189e 


Generators, electronic—189e, 236e, 
245 


Meters—37, 185, 206, 210e, 243, 


280e 
Oscilloscopes—189e, 260 


Power supplies—46, 153, 193e, 
197, 232e, 251 


Recorders—26, 193e, 237 


Special test a 186e, 
188e, 189e, 190e, 192e, 193e<, 
19Ge, 214, 272e, 276e, 278e, 
281, 282e 


MATERIALS, 
ELECTRICAL /ELECTRONIC 


Contact materials—189e, 193e 


Insulation and dielectrics 

Asbestos—66 

—<s resins—31, 148e, 186e, 
192e, 208e, 285 

Ceramics and glass—261 

Fabricated parts — (see: 
ices) 

Fabrics—2 

Fiber—4 

Films—2, 48, 187 

Laminates—2, 213, 246e, 263 

Molding compounds—31, 69, 
72, 166e, 187, 190e, 198e, 
227, 228e, 267 

Paper—2, 263 

Pressboard—190 

Tape—187, 230e 

Tubing—170 


Magnetic materials 
lectrical steel—5, 50 


Printed-circuit boards—60 
Semiconductor materials—228e 
Silicones—25, 170, 187, 209 
Solder and flux—186e, 192e 


Wire and cable—(see: Compo- 
nents, Electrical/Electronic ) 


Serv- 


MATERIALS, 
MECHANICAL / STRUCTURAL 
Adhesives, anti-static solutions, 


waxes—186e, 188e, 190e, 200e, 
266e 


Fabricated parts—(see: Services) 
Metal forms 

Thermostatic bimetal—264 
Metals 

Alloys, general—201 


Copper, brass, bronze—62, 271 
Tin—287 


Non-metallic materials 
Lubricants—193e 


Protective coatin 


Chemical—21 * 3 16e, 228 


MOTORS AND GENERATORS 


Frealer. hp motors—-35, 74, 161, 
191, 199, 203, 261, 265, 280 


Gearmotors—193e, 267, 279 

Generators—208, 210, 262 

let ~~ = motors—35, $3, 36. 
e, 


Precision—223e 


Special—68, 184, 204e, 270e, 279, 
280, 288 


Synchronous motors—246 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil windings—243, 266 
Layout fluid—259 
Processing equipment—273 
Welding equipment—252 
Wire strippers—247, 269 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramic fabrication—243, 247 
Coil winding—243 

Metal fabrication—244, 255, 262e 
Other fabrication—192e, 202 


Plastics fabrication—281 


SERVICES, MISCELLANEOUS 
Employment—47 


Transportation—30 
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EPOXY gives FAST, PRECISE ENCAPSULATION 
for the Delicate Coil of a Color TV Camera 


The alignment coils of television color cameras need 
the protection of encapsulation. And it needs high- 
quality insulation too. With compounds based on 
BAKELITE Brand epoxy resins, this RCA camera gets 
both, along with the efficiency and economy that off- 
set the costs of limited-run production. 


The insulating compound, made of BAKELITE 
Brand epoxy resins by Smooth-On Manufacturing 
Co., Jersey City, N. J., is deaerated before mixing 
with its hardener. The mold containing the coil is 
— to 50°C. Curing is accomplished in 16 

ours at room temperature. The molds themselves are 
also made of tooling compounds based on BAKELITE 
Brand epoxy resins, and the encapsulating work is 
done by Torwico Electronics, Inc., Union, N. J. 

These encapsulating compounds meet all the re- 
quirements for giving superior protection to delicate 
components. They penetrate every crevice without 
causing harm, for they can be cast with negligible 
shrinkage during cure, and their dimensional stability 
is excellent. Along with notable insulating properties, 
compounds based on BAKELITE epoxy resins have 
high impact strength, resistance to heat, moisture 


and chemicals, and the ability to be formulated to 
mect specific operating needs. 

If you have any insulation problems, you should 
keep in touch with the increasing variety of uses for 
— For some general facts, or answers to partic- 
ular questions, write Dept m42D, Union Carbide 
Plastics Company, Division of Union Carbide Corpo- 
ration, 270 Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, Toronto 12. 


“BAKELITE” EPOXY RESIN INSULATION 
GIVES YOU SUPERIOR— 


@ Heat resistance @ Moisture resistance 
®@ Chemical resistance 
@ impact resistance @ Flame resistance 


UNION 
CARBIDE 


BAKELITE and Union CARBIDE 
are registered trade marks of 
Union Carbide Corporation. 
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sensitive 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit drawing below indicates 
just one of the hundreds of ways many 
manufacturers utilize Micropositioner® 
polarized relays to solve complex 
control problems. 
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MICROPOSITIONERS® IN 
BARBER-COLMAN TAPE-R-GUIDE 
LATHE CONTROL CIRCUIT 


Lathe operating data is fed in on 
punched tape. Micropositioner ultra- 
sensitive magnetic latching relays de- 
tect the tape signals, ,which are too 
small for conventional relays. Coil B 
is energized whenever the interrogating 
contacts (IC) close. Each time a hole 
in the tape occurs coil A becomes 
energized, and because R1 is less than 
R2, the relay changes over and a signal 
is passed to the control circuit. The 
relay remains in the last position until 
the next hole is reached, when it again 
changes over. 


If your projects involve similar types 
of control, why not test the Micro- 
positioner in your circuits? Write for 
technical bulletins. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 
40 microwatts. 
Available in three 
types of adjust- 
ment: null seeking 

. magnetic latch- 
ing “‘memory”’... 
and form C break- 
make transfer. Also transistorized types 
with built-in preamplifier. Write for 
new quick reference file. 





BARBER-COLMAN COMPANY 


DEPT. P, 1803 ROCK ST., ROCKFORD, ILLINOIS 
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100% tinplating of silicon 
diodes meets rigid military spec- 
ifications for resistance to corro- 
sive salt spray and provides 
optimum solderability of these 
hermetically sealed units, accord- 


Photo courtesy International Rectifier 


ing to one manufacturer. In 
addition, tinplating protects 
against adverse environmental 
conditions, including corrosion 
resulting from excessive 
humidity. 


Another capacitor maker recom- 
mends consideration of hot-dip 
tinning, plus centrifugal spinning. 
This method provides a_ fine 
solderability base and increased 
corrosion resistance. It also af- 
fords longer shelf life in storage. 


Solider clad miniature base 
tab stampings can speed tran- 
sistor production. Each replaces 
two components used to make 
ohmic junctions to germanium 
or silicon transistor triodes. They 
consist of a layer of high purity 
solder alloys  metallurgically 
bonded to a base tab conductor 
such as Kovar, nickel or nickel- 
iron. Solder and base ratio is 6:1. 


Free Bulletin 


Write today for a 
free subscription 
to TIN NEWS—a 
monthly bulletin 
on tin eee 
prices and new 
uses. 


The Malayan Tin Bureau 
Dept. T-65D, 2000 K Street, N.W., Washington 6, D.C. 
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Who needs feedback? tne 


patented chronometric governor of this 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within + 0.1% while 
driving charts, cams, contacts, actuators 
or other devices. It holds the rate even 
if output shaft load, line voltage, or 
ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un- 
der special conditions. The A. W. Haydon 
Go. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is yours for the asking. 
(On 5800 Series A. chronometri- 
cally governed DC Motors) 







. 5800 Series 
DC Motor with 
chronometric 
governor 









AYDON 


COMPANY 


234 North Elm Street, Waterbury 20, Connecticut 
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ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information re- 
garding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and _  advertise- 
ments have been assigned a key 
number; corresponding numbers ap- 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly— 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 
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With the HYRING technique, grounding the shields for a 61 cable connector 
has reduced the operation to 1/20 of the time previously required and has 
been changed from 61 separate solder operations to one simple crimp. 
Result is extensive cost-saving on missiles like the Pershing and Saturn. 


Burndy engineering developed extra large tool-installed HYRINGs for this 
Completed cable assembly. Outer HYRING 


is slipped forward and positioned over type application, utilizing knowledge and background gained from develop- 
conductor shields and ground wire. As- 


comply in crimped in Y24e HYPRESS. ment and long experience with HYRING and UNIRING?® product lines. 
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Circle 102 on Inquiry Card 





Mach 5...Mach 10...and Beyond 
STEVENS (2r/c7ied THERMOSTATS 


Up where the “wild blue yonder”’ becomes inky black, you can’t afford to gamble on precise, reliable 
temperature control. And that’s the natural domain of Stevens Thermostats. They are compact and 





lightweight... withstand high G’s...are utterly reliable even under wide temperature swings. For 
Stevens Thermostats are a product of creative engineering ... coupled with the most stringent environ- 
mental testing and quality control programs in the industry. If space is your dimension, take the 
measure of Stevens Thermostats first. 


2° to 6°F Differential Standard 
?’ to 4°F Differential Special 


*Maximum spread of 6°F including differential 
and tolerance. 


oS 


nee 


STEMCO 





Ls is difference between maximum open and minimum close. 
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